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1956 Iodine Research Award 
Nominations Requested 
Prior to January 1, 1956 


Nominations are now being received by the AMERICAN PHARMACEUTICAL 
AssociaATION for the 1956 Chilean Iodine Educational Bureau, Inc. Award 
recognizing outstanding research in the chemistry and pharmacy of iodine 
and its compounds as applied in pharmacy or medicine. 

The award consists of $1,000 and a diploma setting forth the reasons for 
selection of the recipient. It may be presented each year at the annual 
meeting of the ASSOCIATION. 

Any member of the ASSOCIATION may propose a nominee by submitting 
eight copies of each of the publications to be considered in the competition, 
a biographical sketch of the nominee including date of birth, and a list of 
his publications. Eight copies of the nomination must be submitted to 
Robert P. Fischelis, Secretary of the AMERICAN PHARMACEUTICAL As- 
SOCIATION, 2215 Constitution Ave., N. W., Washington 7, D.C. To be 
eligible for the 1955 Award, nominations must be received on or before January 
1, 1956. 

A nominee must be a resident of the United States or Canada. He 
must have accomplished outstanding research in the chemistry or pharmacy 
of iodine and its compounds as applied in pharmacy or medicine. 

During the period covered by the nomination the nominee shail hae 
been actively engaged in, shall have completed, or shall have published a 
report upon the line of investigation for which the award is made. During 
the period of two years prior to the date of nomination, the nominee shall 
not have been engaged in research under the sponsorship of the Chilean 
Iodine Educational Bureau, Inc. 

The recipient will be selected by an award committee which is appointed 
by the chairman of the AssocraTion’s Council. The present committee 
includes Justin L. Powers, chairman; F. F. Blicke; Paul Block, E. A. 
Brecht, Stanley G. Mittelstaedt; Lloyd M. Parks, and Linwood F. Tice. 

The recipient will deliver a paper or lecture upon the subject of his 
scientific work at the meeting at which the award is conferred. His paper, 
or address, will then be published in the JouRNAL OF THE AMERICAN 
PHARMACEUTICAL ASSOCIATION. Travel expense to the meeting at which 
the award is to be made is provided for up to $250. 

The award is now in its eighth year. The recipient of the first award 
was Dr. William T. Salter, Yale University pharmacologist; the second re- 
cipient was Dr. George M. Curtis, Chairman of the Department of Sur- 
gical Research and Professor of Surgery at Ohio State University, and the 
third was Dr. C. P. Leblond, Professor of Anatomy, McGill University, 
Montreal, Canada. The fourth award was shared jointly by Dr. George 
Moore of the University of Minnesota Medical School and Dr. Moses 
Ashkenazy, Chief of Neurosurgery, Veterans Hospital, Houston, Tex. 
Dr. Veron H. Wallingford, Mallinckrodt Chemical Works, St. Louis, 
Missouri, was the recipient of the fifth award. Dr. Jack Gross, Associate 
Professor of Anatomy, State University of New York, College of Medicine 
in Brooklyn received the sixth award and Dr. Dominick Papa, Schering 
Corporation, Bloomfield, N. J., received the seventh award which was con- 
ferred during the 1955 Convention of the AMERICAN PHARMACEUTICAL 
ASSOCIATION. 
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INGREDIENTS . Lanolin Cholesterols in their Most Active Form. 


These stable cholesterol and multisterol surfactants 
induce rapid drug release, promote optimum healing 
rates, and are safe for the most delicate tissues. We 
know of no case of an allergy due to an AMERCHOL.” = 
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Clinical investigations indicate that MODULAN IS 


SUPERIOR | 


"References, technical data and suggested formulations are 


P D T Ts 3 available from our research laboratories. 
Your ON YOUR BUSINESS AMERICAN CHOLESTEROL PRODUCTS 


INCORPORATED 
MILLTOWN NEW JERSEY 


i 


The Massachusetts College of Pharmacy 
Longwood Avenue, Boston 


Graduate study in Boston has always appealed strongly to students in 
the fields of medicine and public health. The environment is stimulating 
and attracts students from all parts of the world. Library, laboratory, 


; hospital, and other facilities for graduate work are outstanding in this area. 
' The Massachusetts College of Pharmacy is located in this great medical and educational center. 
It offers unusual opportunities to graduates of colleges of pharmacy who are interested in further 
. study in pharmacy, pharmaceutical chemistry, and pharmacognosy. 
™ For additional information, write to HOWARD C. NEWTON, Dean 
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PRODUCTS RECENTLY EVALUATED 
BY THE A. M. A. COUNCIL ON 
PHARMACY AND CHEMISTRY 


254.25.—7- 
structural 
formula of hyphylline may be represented as follows: 


° 


Actions and Uses.—Hyphylline, a neutral deriva- 
tive of theophylline, is stable in gastric juice. Al- 
though hyphylline can be administered orally in 
more effective doses than most theophylline com- 
pounds (such as aminophylline), it has not been 
shown to be superior in this respect to theophylline- 
sodium glycinate. It exhibits the characteristic 
peripheral vasodilator and bronchodilator actions 
of other theophylline compounds, and, in contrast 
to those that are poorly tolerated by the stomach, it 
can be expected to be effective orally in the treat- 
ment of bronchial asthma, paroxysmal cardiac dysp- 
nea, and Cheyne-Stokes respiration. Hyphylline 
also produces the typical diuretic and myocardial 
stimulant effects of theophylline compounds, which 
are useful in the management of edema secondary 
to congestive heart failure. Its use in coronary dis- 
ease or angina pectoris is not recommended until it 
can be demonstrated that increased coronary blood 
flow precedes rather than follows myocardial stimu- 
lation. 

The toxicity of hyphylline in mice is considerably 
less than that of aminophylline; this difference has 
not been demonstrated in man, except that it 
tends to produce less nausea, clinically, when given 
orally, because it produces less gastric irritation 
than other theophylline compounds. Large doses 
of hyphylline, like those of other xanthines, may be 
associated with unpleasant symptoms of central 
nervous system stimulation. 

Dosage.—Hyphylline is administered orally; for 
adults, an average dosage is 0.2 Gm. three times 
daily. Smaller oral doses may be adequate to pro- 
duce a diuretic effect and stimulation of cardiac 
muscle in congestive heart fallure. Larger doses 
may be required for the control of bronchial asthma, 
paroxysmal cardiac dyspnea, and Cheyne-Stokes 
respiration. The dosage should be individualized in 
accordance with the desired effect and the patient’s 
tolerance to the drug. When oral therapy fails, 
injection of more soluble theophylline compounds 
such as aminophylline may be indicated. 
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LUTUTRIN.—Lututrin is a uterine relaxing factor 
obtained from the corpus luteum of sow ovaries by a 
process of salting out followed by dialysis. It is a 
water-soluble protein or polypeptide. It is as- 
sayed biologically. 

Actions and Uses.—Lututrin produces a potent re- 
laxant effect on the guinea pig uterus. Its constitu- 
tion is somewhat similar to relaxin (Hisaw), a term 
used to designate a luteal hormone that produces re- 
laxation of the symphysis pubis in the guinea pig; 
however, lututrin, as assayed primarily for uterine 
relaxant effect, exhibits little uniformity in relaxin 
activity. The uterine relaxing factor is not de- 
stroyed in the stomach, since the active principie 
appears in the blood serum within 30 minutes after 
oral administration. 

Lututrin is useful in the treatment of functional 
dysmenorrhea. In a considerable proportion of 
patients it relieves to varying degrees the entire 
symptom complex of that disorder, but is not ef- 
fective in those women with major psychosomatic 
difficulties or pelvic anatomic abnormalities. Its 
effectiveness is enhanced by early administration, 
ideally the day prior to the onset of menstruation, 
but certainly before menstrual cramping becomes 
severe or nausea occurs. Evidence is inadequate 
to justify its earlier use for the relief of premenstrual 
tension or for the treatment of threatened or habitual 
abortion and other conditions involving hypercon- 
tractility of the uterus. 

Lututrin produces no sedative action, but large 
doses have been followed by some drowsiness. No 
other side-effects have been observed with moderate 

oses. 

Dosage.—Lututrin is administered orally. Dosage 
is expressed in terms of units of activity on the 
guinea piguterus. A unit is defined as ‘the minimal 
amount of substance which, when injected intra- 
venously into the estrogenized virgin guinea pig, 
effects a 90% reduction in the height of spontaneous 
contractions for a period of at least 10 minutes.”’ 

For dysmenorrhea the usual effective dosage 
ranges from 2,000 to 4,000 units initially, preferably 
before onset of severe symptoms, followed by 2,000 
to 3,000 units every 3 or 4 hours as required. Indi- 
vidual response varies, and doses as hizh as 10,000 
units have been employed without untoward ef- 
ects. 


PIPERAZINE CITRATE.—3C,HwN: . 2Cs6H.O;. — 
M.W. 642.68.—The structural formula of piperazine 
citrate may be represented as follows: 


N 
J @ 2HO-C-C-OH 
N 


K-C-C—OH 
H 


Actions and Uses.—Piperazine citrate is useful as 
an anthelmintic for the treatment of infections 
caused by pinworms (Enterobius vermicularis, 
Oxyuris vermicularis) and roundworms (Ascaris 
lumbricoides). The drug is relatively nontoxic to 
humans and usually produces no side-effects when 
administered in anthelmintic doses. The ingestion 
of excessively large amounts may produce urticaria 
or vomiting, blurred vision, and general muscular 
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weakness, which disappear when the drug is discon- 
tinued. Excessively prolonged or repeated treat- 
ment should be avoided. 

Dosage.—Piperizine citrate is administered orally. 
The dosage is expressed in terms of the hydrous 
base, piperazine hexahydrate. For children and 
adults the daily dose may be calculated on the basis 
of 50 mg. per Kg. (22.7 mg. per pound) of body 
weight, but this should be limited to not more than 
2 Gm. daily per patient. The calculated total 
daily dosage usually is divided into two equal doses 
administered morning and night. For pinworms, 
treatment is administered either as a single course 
for 14 days, or for 7 days followed by a rest period 
of one week, and a second course for 7 days. For 
ascariasis, a single course of 5 to 7 days usually is 
adequate. Appropriate precautions should be taken 
to prevent reinfection, especially in the treatment of 
pinworms. 


PIPERAZINE TARTRATE. 
W. 236.23.—The structural formula of piperazine 
tartrate may be represented as follows: 


HN NH- 


Actions and Uses.—Piperazine tartrate is used for 
the same purposes as other salts of the base. See the 
monograph on piperazine citrate. 

Dosage.—Piperazine tartrate is administered 
orally and, like other salts of the base, the dosage is 
expressed in terms of the base, piperazine hexa- 
hydrate. 


VIBESATE.—A mixture containing 9.3% polvinate 
and 3.1% malrosinol in a mixture of organic sol- 
vents and a propellant 

Actions and Uses.—Vibesate is a modified poly- 
viny! plastic that forms a rapidly drying, transpar- 
ent, pliable, and occlusive film when applied topi- 
cally as a liquid spray containing a suitable volatile 
solvent and gaseous propellant. This film is useful 
as a surgical dressing, somewhat resembling that of 
flexible collodion. Vibesate film is semipermeable 
to water vapor, permitting the escape of moisture 
when applied to the skin. It retards the escape of 
fluids and electrolytes from injured areas, but it 
does not prevent such loss from the tissues. The 
transparency of the plastic film permits detection of 
evidence of infection in superficial wounds, and it 
can be peeled off readily when drainage and local 
anti-infective therapy become necessary. 

Vibesate is useful as an occlusive surgical dressing 
for burns as well as for operative wounds and other 
surface lesions, particularly when the use of gauze or 
other fabricated dressings is undesirable or incon- 
venient. Like other local aplications for burns, the 
film may relieve pain because of the exclusion of air. 
It is better adapted for dressing burns that are to be 
treated by the exposure method than for those 
treated by the older compression gauze technique. 
The plastic film also may replace gauze or other 
fabrics as a definitive surgical dressing for various 
closed operative incisions that do not require pro- 
tective padding or the prolonged use of drains. In 
the open reduction of fractures it permits the ap- 
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plication of skin-tight plaster casts. The film also is 
suitable for covering certain skin eruptions, includ- 
ing macerated excoriations, decubitus and traumatic 
ulcers, and abrasions. The film usually remains 
intact for the period of normal healing unless the 
area involved is subject to considerable motion or 
stress; removal and reapplication may be required 
to maintain occlusion or to permit proper care 
of contaminated wounds. There is, of course, espe- 
cial danger if anerobic organisms proliferate. 

Vibesate is considered to be a relatively inert plas- 
tic and has not been reported to cause toxic, sensi- 
tivity, or allergic reactions or to interfere with heal- 
ing. The volatile ethyl acetate-acetone solvent em- 
ployed as a vehicle has not produced significant irri- 
tation, but transitory smarting or stinging occurs 
during application to sensitive surfaces. For this 
reason contact with the eyes or other delicate mucous 
membranes should be avoided. The gaseous pro- 
pellant employed, a fluoro-chlorohydrocarbon, ordi- 
narily does not come in close contact with the tis- 
sues; however, the volatile solvent and propellant 
are hazardous from the standpoint of accidental in- 
halation and flammability. Care should be taken 
during application to avoid inhalation of the vapors 
or their use near an open flame. The container 
should not be punctured close to an open flame or 
thrown into a fire. 

Dosage.—Vibesate is applied topically by spray- 
ing the area of the wourd or lesion to be dressed. 
The affected area should first be cleansed thoroughly 
and allowed to dry. The spray usually should be 
applied back and forth, parallel to the injured sur- 
face at a distance of not less than 15 ecm. (6 in.), 
preferably at about 30 cm. The spraying should 
include a suitable border of normal skin to afford 
proper anchorage. The film is allowed to dry for at 
least 30 seconds after each application and the spray 
repeated two or three times as may be required 
to obtain a tough, flexible film with a final thickness 
of 0.05 to 0.08 mm. To insure ease of removal the 
film thickness should not be less than the minimum. 
The film may be applied directly over sutured 
wounds, and it may be peeled off when thoroughly 
dry and reapplied whenever indicated. 


AMINOPTERIN SODIUM. C,9HisNsO; Naz. — 
M.W. 484.40.—Sodium 4-amino-pteroylglutamate 

Sodium N-{ 
amino] benzyl }glutamate.—The structural formula 
of aminopterin sodium may be represented as fol- 
lows: 


Actions and Uses.—Aminopterin sodium, a chemi- 
cal derivative of folic acid, is said to “block’’ the 
action of the latter agent. In experimental animals 
it interferes with the conversion of folic acid to an 
active metabolite called citrovorum factor that is 
utilized for growth by the bacterial species Leucono- 
stoc citrovorum. Aminopterin sodium depresses 
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hematopoiesis and may exert a general toxic effect 
on all reticuloendothelial tissue. It is not yet clear 
whether its suppression of hematopoiesis is chiefly 
the result of folic acid antagonism or a systemic 
toxic action. It is thought that altered metabolism 


of folic acid may play a role in hematopoietic dis- 
orders characterized by excessive or disorderly pro- 
liferation of blood cells or their precursors. 


Aminopterin sodium is indicated only for the 
treatment of acute leukemia in children. It has pro- 
duced temporary remission and appears to have in- 
creased survival time in acute leukemia of childhood 
for periods ranging from weeks to two years. Fol- 
lowing therapy the hematological picture, as re- 
flected in blood and bone marrow smears, is fre- 
quently almost indistinguishable from normal and 
persists for varying periods. The greatest effect has 
been observed in acute leukemia characterized by 
immature (blast) cell forms in the bone marrow or 
blood. Aminopterin sodium is not recommended 
for the treatment of leukemia in adults because it 
frequently produces no results. The drug has a 
powerful lethal action on embryonic tissue and 
should not be used in patients known to be, or sus- 
pected of being, pregnant 

Aminopterin sodium may produce irreversible de- 
pression of all blood cellular elements. In general, its 
toxicity is in direct proportion to the dose given. 
Constant supervision is essential. The drug should 
be discontinued if any of the following signs appear: 
ulceration of buccal mucosa, gastrointestinal ulcera- 
tion and bleeding, diarrhea, rapid fall in blood leuko- 
cyte count, bone marrow depression primarily of the 
leukocyte series, hemorrhage at any site, or alopecia. 
The drug should not be prescribed without adequate 
facilities for repeated laboratory examination of the 
blood and bone marrow and clinical observation of 
the patient. White blood cell counts should be per- 
formed daily during the first month of therapy and 
three times a week thereafter; complete blood cell 
counts should be performed weekly and bone mar- 
row punctures weekly to monthly. Bleeding and 
coagulation times and blood grouping and typing 
should be performed initially in anticipation of 
transfusion or surgery that also may be indicated. 

Dosage.—Aminopterin sodium should be adminis- 
tered orally. For infants the dosage is 0.25 mg. and 
for children 0.5 mg., given three to six times weekly 
depending on the severity of the disease. It should 
be administered over a period of three weeks or 
more until bone marrow function becomes normal 
or signs of toxic reaction appear. Normal bone 
marrow function is considered to be indicated by a 
smear that reveals not more than 20% blast cells 
and lymphocytes. If there are toxic reactions, ther- 
apy should be stopped for 7 to 10 days; after toxic 
signs subside, it may be resumed at a somewhat 
lower dosage and continued until a clinical remission 
occurs and/or bone marrow returns to normal func- 
tion. In the absence of a remission, and when the 
patient’s condition remains reasonably good, therapy 
may be continued for two months or more at in- 
creased dosage, even to the point of mild toxicity, in 
an effort to obtain a remission. When the bone mar- 
row returns to normal function, the patient may be 
continued on maintenance dosage, or treatment may 
be discontinued. If therapy is intermittent, sternal 
marrow aspiration should be performed every two 
weeks, as it is only by means of bone marrow studies 
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that the earliest sign of relapse may be detected. 
Therapy then can be reinstituted before clinical 
deterioration appears. 


DIATRIZOATE SODIUM. 
M.W. 635.92.—Sodium 3,5-diacetamido-2,4,6-tri- 
odobenzoate.—The structural formula of diatrizoate 
sodium may be represented as follows: 


Na 
CH,C-N- 
H H 


Actions and Uses.— Diatrizoate sodium is a water- 
soluble organic iodine compound suitable for use as 
a roentgenographic contrast medium in intravenous 
(excretory) urography. When injected intrave- 
nously, the agent is transported rapidly to the kidneys 
where it is excreted unchanged in the urine. When 
kidney function is normal, elimination begins almost 
immediately so that suitable x-ray shadows often 
can be obtained within 5 minutes after injection. 
With impaired renal function and delayed excretion, 
adequate shadows may not be obtainable until after 
30 minutes or more. The time of appearance of 
suitable shadows also is influenced by the adequacy 
of preparation of the patient and the technique of 
injection. 

Diatrizoate sodium should be used with the same 
precautions as for other organic iodine compounds 
and likewise is contraindicated in severe liver dis- 
orders and in advanced renal impairment with severe 
uremia. It should be used with caution, if at all, in 
patients with a history of allergy, especially those 
sensitive to iodine in any form, and caution also is 
advisable in patients with hyperthyroidism, hyper- 
tension, or active tuberculosis. Studies so far indi- 
cate that the agent produces a minimum incidence 
of minor side-effects and rarely produces severe 
vascular reactions. For the management of severe 
reactions, see the general statement in N.N.R. 1955 
on water-soluble organic iodine compounds for 
roentgenography. 

Dosage.—For excretory urography, diatrizoate so- 
dium is administered by intravenous injection of a 
50% solution. One cc. of this solution is used as a 
test dose for sensitivity. Crystals may form if the 
solution is cool but readily redissolve when warmed. 
After appropriate preliminary preparation of the 
patient the evening before examination and after 
examination of a “scout” film exposed immediately 
prior to injection to rule out confusing gas shadows, 
30 ce. of a 50% solution, administered over a period 
of 1 to 3 minutes, usually is sufficient for visualiza- 
tion of the urinary tract on film exposed either 5, 10, 
or 15 minutes after injection. Compression of the 
bladder prior to injection may facilitate adequate 
filling of the pelves and ureters. 


PROTOVERATRINE A AND B MALEATES.-The 
maleate salt of a mixture of two alkaloids, isolated 
by appropriate means, from Veratrum album. The 
chemical structure of the two alkaloids has not been 
established. 
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MANUFACTURING RIGHTS WANTED 


Long estatiished French pharmaceutical 
specialty manufacturer is interested in se- 
curing manufacturing rights against pay- 
ment of royalty for new unique specialties. 
Composite mixtures are not of interest. 
When available, pharmacologic and 
clinical data should accompany offer. 
Address replies to: 


J. Morand, 14, Rue de la Paroisse, Versailles, 
France 
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Association 
811.00 
Order from the Association 


2215 Constitution Avenue, N. W. 
Washington 7, D. C. 


N.N. R. 


. from page VI 


Actions and Uses.—-Protoveratrine A and B male- 


ates have the same actions and uses as the parent | 


esters, protoveratrines A and B. (See New and 
Nonofficial Remedies 1955, under the monograph on 


protoveratrines A and B.) The same precautions | 
should be observed in the use of the maleate as with | 


the parent form of the mixture. 


Dosage.—Protoveratrine A and B maleates are ad- 


ministered orally. On the basis of comparative 
molecular weights, approximately 13% more of the 
maleate salts than of the parent esters is required to 
provide equivalent dosage; however, the difference 


is not of particular significance except when therapy | 


may be alternated in patients for whom optimal 
maintenance dosage has been individualized. Care- 
ful adjustment of the dosage for each patient is 
essential. 

The average oral total daily dosage ranges from 1 
to 2.5 mg., divided into three to five doses, prefer- 
ably given after meals and at bedtime, at intervals of 
4 to 6 hours. The initial oral dose is 0.5 mg. three 


times daily (after meals). Increases in dosage are | 


made in accordance with blood pressure measure- 


ments at the time of peak action of the drug (1'/; to | 


3 hours after the dose). It is recommended that the 
morning and evening doses be increased by incre- 
ments of 0.125 mg. until the desired therapeutic 
effect or evidence of uverdosage is observed. The 
noon dose is maintained at the 0.5-mg. level. A 
dosage schedule including between meal and bed- 
time doses may be more effective in some patients. 
With the appearance of nausea or vomiting, the pre- 
ceding dose should be decreased by 0.125 mg. 
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The apothecary show globe, in all its varied 
shapes, sizes and colors, has always been asso- 
ciated with professional ethics. Its display was 
an assurance that here the public could deal 
in confidence. 

Even to this day, this apothecary symbol ia- 
stills confidence —a confidence that is further 
enhanced by the fact that the modern-day 
pharmacist has available drugs of the highest 
standards ever. 

The Reheis Company is proud of the role it 
has played in this advance by supplying fine 
chemicals which have gone into countless pre- 
scriptions. In fact, if one were able to see 
through the show globe into the records, the 
reason for the high regard that the Reheis 
name has attained would be readily disclosed. 


REHEIS 


REHEIS COMPANY, INC. 
Manufacturers of Fine Chemicals 
BERKELEY HEIGHTS - NEW JERSEY 
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In the December 1955 issue of the 
Practical Pharmacy Edition 


(All references to actions and uses are taken from the statements 


>» The second cover and a colorful two- 
page spread have been reserved by Abbott 
Laboratories to tell the story of “Iron-Plus” 
Iberol and the antibiotic Erythrocin which 
is proving so useful in combating coccic 
infections. 


> Pointed up by The American Druggists’ 
Insurance Company are the savings its 
plans and policies afford pharmacists. 
Specialists in their field, the company limits 
its dealings to members of our profession. 


> Combining its antiseptic, Merodicein, and 
Saligenin, a mild local anesthetic, Hynson, 
Westcott & Dunning has produced in 
Thantis Lozenges “first aid for throat irri- 
tations.” 


> “A page of high-profit items worth stock- 
ing at all times” is Lederle Laboratories’ 
introduction to an insertion delineating the 
efficacy of Achromycin Nasal Suspension, 
Pharyngets and Tetracycline Syrup; Aureo- 
mycin; Diamox; Incremin; and Yuvral. 


> “To speed convalescence, more physi- 
cians prescribe ‘Becotin with Vitamin C’,” 
says Eli Lilly and Company, adding quite 
logically, “Is your stock adequate?” 


>» New in every respect is the 1956 Edition 
of Remington’s Practice of Pharmacy—an- 
nounced by Mack Publishing Company. 


> The S. E. Massengill Company in its an- 
nouncement of Salcort stresses the fact that 
this new antiarthritic is “virtually without 
side effects.” 


of the producers of the products mentioned.) 


> “A-1 Booster for Your B-Complex Sales” 
is the Parke, Davis way of admonishing 
pharmacists to keep Combex products 
stocked. 


> An eye-catching two page spread an- 
nounces that there are “two ready-mixed 
dosage forms of Pfizer-discovered tetra- 
cycline— new Tetra Bon and new ( vitamin- 
fortified ) Tetra Bon SF.” 


> The Philadelphia College of Pharmacy 
and Science announcement emphasizes not 
so much the degrees it offers as the success- 
ful careers in pharmacy to which they lead. 


> In a familiar announcement, the impact 
of which is no less effective than the prod- 
uct’s attainments, Smith, Kline & French 
Laboratories’ Benzedrex Inhaler shares the 
advertiser's space commitment with a new 
SKF contribution, Eskaserp Spansule, a 
non-barbiturate sedative employed in treat- 
ing hypertension. 


> Offered in a new dosage form by Warner- 
Chilcott is Peritrate with Aminophylline 
the efficacy of which is felt “especially in 
the presence of cardiac and circulatory in- 
adequacy.” 


> Reiterated by the advertiser is the an- 
nouncement made last month by the editors 
of the Practical Pharmacy Edition calling 
attention to the fact that the name Win- 
throp-Stearns Inc. has been changed to 
Winthrop Laboratories Inc. 


[}) Look for details in the Practical Pharmacy Edition of Tus Journat—Out December 20 
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Vo.tume XLIV 


ASSOCIATION 


The Determination of Protoveratrine* 


By JOSEPH LEVINE and HENRY FISCHBACH 


The protoveratrine A and B complex can be quantitatively separated into its com- 
ponent alkaloids by partition chromatography over Celite® in which a mixture of 
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pH 3.5 buffer and ethylene glycol is incorporated as immobile phase. Benzene 
elutes the protoveratrine A, while ethylene chloride elutes ihe protoveratrine B. 
Each alkaloid is uncontaminated by the other. A quantitative determination of pro- 
toveratrine is described, in which passage of a chloroform solution of the alkaloid 
over a partition chromatographic column containing chlorophenol red in the im- 


isolated from Veratrum 
album by Salzberger (1) in 1890, was re- 
garded as a single entity until, in recent years, 
three groups of investigators (2-4) showed that 
“protoveratrine” actually consists of a mixture 
of two alkaloids. The nomenclature of these is 
quite confused. The more hydrophilic alkaloid 
has been named neogermitrine (2), veratetrine 
(3), protoveratrine B (4), and oxyprotoveratrine 
X (5), while the more organophilic alkaloid is 
called protoveratrine A (4) or simply protovera- 
trine (2, 3, 5). Use of the latter name is ob- 
jectionable, since this term had for so long a time 
been applied to the mixture.’ Protoveratrine 
(the mixture of A and B) is an important hypo- 
tensive agent, used both orally and parenterally. 

A procedure is described in this paper for the 
quantitative separation of the protoveratrine 
complex, and a colorimetric procedure for the 
determination of both the mixture and its indi- 
vidual components. 


* Received September 28, 1955, from the Division of 
Pharmaceutical Chemistry, Food and Drug Administration, 
Department of Health, Education, and Welfare, Washington, 
D.C 


1 Since the commercial pharmaceutical product is desig- 
nated Protoveratrines A and B, these terms will be used 
herein for the individual alkaloids, while protoveratrine will 
be used to designate the mixture. 


mobile phase removes quantities of dye proportional to the quantity of alkaloid. 
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COLORIMETRIC DETERMINATION 


A number of analytical procedures for alkaloids 
have been reported which are based upon the fact 
that the complex formed by an alkaloid with an 
acidic dye may be extracted with an organic solvent; 
measurement of the dye moiety of the complex 
serves as a measure of the alkaloid. Prudhomme 
(6) used eosin for the determination of quinine; 
such dyes as methyl orange, bromocresol purple, 
bromothymol blue, and bromophenol blue, have since 
been used. 

In some cases a stoichiometric relationship has 
been reported between the quantities of extracted 
dye and alkaloid; e. g., Cronheim and Ware (7) 
report that two moles of amidone are extracted with 
one mole of bromocresol purple. In the case of 
tropine alkaloids, however, Durick, ef al. (8), 
found that the extracts contain about '/2 equivalent 
of atropine per mole equivalent of dye, while for 
scopolamine the ratio is smaller. They also show 
that increasing amounts of both dye and of dye- 
alkaloid are extracted with decreasing pH. Mul- 
tiple extractions are necessary to obtain the full 
amount of dye which the alkaloid can carry. Two 
extractions are made for amidone (7) and the tropine 
alkaloids (8). In the latter case, data are presented 
which indicate that significant quantities of dye are 
extracted even after 12 extractions. Hence, in 
order to obtain reproducible results, it is necessary 
that volumes of aqueous and nonaqueous phases be 
measured exactly and kept in the same proportion. 

Initial application of this type of assay to proto- 
veratrine was patterned upon the procedure of 


| 
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Cronheim and Ware (7), in which bromocresol blue is 
used as reagent; the dye is removed from the ex- 
tract with aqueous alkali, in which it is measured 
spectrophotometrically. Benzene failed to extract 
the protoveratrine-bromocresol purple complex at 
any PH; the complex was precipitated at the inter- 
face. The complex was readily extracted by chloro- 
form or ethyl acetate; however, these solvents also 
extract large quantities of the dye in the absence of 
alkaloid. After checking a number of combinations 
of dye and solvent, it was found that use of chloro- 
phenol red (CPR) (3’,3'’-dichlorophcaolsulfoneph- 
thalein) and chloroform offered the greatest spread 
between the quantity of dye extracted in the pres- 
ence of and in the absence of alkaloid. Both of 
these values increased with decreasing pH; the 
optimum pH appeared to be about 4.4 

The chloroform extract of the protoveratrine- 
CPR complex is quite turbid. Since any dye con- 
tained in droplets of aqueous phase which are me- 
chanically carried with the chloroform phase will be 
measured together with the dye in the complex, it is 
necessary that the solvent phase be clarified prior 
to measuring its dye content. Clarification of the 
extract in the usual manner, by filtration through 
dry filter paper, cotton, or glass wool, or over 
anhydrous sodium sulfate, all resulted in a significant 
loss of dye by adsorption. Washing the extract 
with water or buffer removed a major portion of dye. 
It had been shown by Korner (9) that even centri- 
fugation leads to lower and less reproducible results. 
K6rner also noted loss of dye by adsorption on the 
walls of the extraction apparatus 

The errors introduced by mechanical carry-over 
of droplets and by adsorption, and also the empirical 
factor introduced by arbitrarily limiting the number 
of extractions, may be circumvented by introducing 
the aqueous (dye-carrying) phase into the system in 
the form of a stationary phase on a partition chro- 
matographic column, rather than as a solution in an 
extraction apparatus. This results in producing 
the effect of multiple extractions, and, since no 
fluid aqueous phase is present, in avoiding the me- 
chanical introduction of droplets into the solvent 
phase 

A solution of CPR in buffer was incorporated on 
Celite®, and a column was prepared by packing the 
adsorbent in a tube. A chloroform solution of pro- 
toveratrine eluted alkaloid-CPR complex, while 
chloroform alone removed only small amounts of 
dye. Addition of ethylene glycol to the buffer de- 
creased the latter value markedly. A mixture of 4 
parts of pH 3.5 buffer, 2 parts of glycol, and 3 
parts of ethanol (vide infra) was adopted as the most 
favorable medium 

In the partition chromatographic column, as with 
the conventional shake-out procedure, adsorption 
of dye plays an important role. In the preparation 
of the usual chromatographic column, a bed of 
cotton or glass wool is used to underlie the ad- 
sorbent, functioning as a mechanical support for the 
adsorbent and acting as a filter to prevent particles 
of the adsorbent from washing out with the effluent 
liquid. This cotton or glass wool bed adsorbs a 
considerable quantity of dye from the effluent sol- 
vent; a small amount is also adsorbed on the sur- 
face of the glass tube. Washing the column with 
fresh chloroform does not remove the adsorbed dye. 
It was found feasible to prepare the column without 
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the use of a supporting bed, thus avoiding this major 
source of loss. Incorporation of 1 ml. of dye solu- 
tion on one gram of Celite® produces a fluffy mixture 
which, when compressed, behaves like a quasi- 
plastic. By firmly tamping the mixture into the 
column against the constriction at the point of 
attachment of the outlet tube, the mixture coheres, 
and no particles are dislodged during its ensuing use. 
The packed column is equilibrated by prewashing 
with chloroform, which removes the alcohol to- 
gether with a portion of the dye which is dissolved 
therein. The eluted dye coats the surface of the 
apparatus, while the removal of the alcohol pro- 
duces a degree of porosity in the Celite® mixture, 
thereby speeding the flow rate of the eluent. 

At this point the column is ready for the intro- 
duction of samples. Four to six successive samples 
of 0.01 to 0.1 mg. of alkaloid may be passed over 
the column; the quantity of dye eluted with each 
sample will obey Beer's law. In practice, a stand- 
ard sample of 0.08 to 0.12 mg. of alkaloid, then a 
blank, followed by duplicate aliquots of the sample, 
are passed through the column dissolved in 1 to 2 
ml. of chloroform. Each is washed with sufficient 
chloroform to make a total of 15 ml.; this requires 
about three to five minutes. The eluate is collected 
directly in a separatory funnel containing 5.0 ml. of 
1 N sodium carbonate solution. The dye is readily 
transferred to the aqueous phase upon shaking; 
the intensity of color is ineasured at 575 my.*? 

The quantity of dye eluted with a standard 
amount of alkaloid varies from column to column, 
being affected by such variable factors as pressure 
applied in tamping the adsorbent during the prepa- 
ration of the column. It is therefore necessary that 
a blank and a standard sample be run on each 
column prior to running unknown samples. The 
duplicate aliquots should agree to within 3%; 
greater deviation indicates a failure of the individual 
column, which occurs occasionally. 

To illustrate the performance of the column, ali- 
quots of a chloroform solution containing 0.05 mg. 
of protoveratrine B per ml. were passed over a CPR 
column. Recoveries, reported in the order of ad- 
dition, are shown in Table I. 


TABLE 


Alkaloid 


Alkaloid 
mg. Absorbance 


0.10 0.784 


Recovery 
100.0% 
(Standard ) 
Blank (0.062 vs. HO) 

0.05 0.396 

0.025 

0.075 

Blank 0. 
0.125 0.1255 100.4% 


0.0505 101.0% 
0.0253 101.2% 
0.0760 101.4% 


It is very important in this procedure that pure 
chlorophenol red be used. It has been previously 
noted (8-10) that variations occur in the ordinary 
extraction procedure with different batches of dye. 
The effect is much greater here, since a single quan- 
tity of dye is used for multiple samples; if the dye 


2 The color is very stable in sodium carbonate solution; 
no change in absorbance occurs over a three-hour period 
In 0.1 N sodium hydroxide solution, however. significant 
fading occurs; a loss of 14% resulted during this period. 
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consists of a mixture of components, fractionation 
may occur, and successive samples will react with 
dye of continuously changing composition. 

We had obtained several lots of dye in this labora- 
tory which were impure; the results obtained by 
their use were entirely unsatisfactory. 

The differences between the satisfactory dye* and 
the unsatisfactory material may serve as criteria 
of suitability: (a) The satisfactory material is 
readily soluble in pH 3.5 buffer at a concentration 
of 1 mg. per ml., while the impure lots are only par- 
tially soluble. (b) An ethyl acetate extract of the 
pH 3.5 solution of suitable dye is yellow, and has a 
sharp absorption peak at 400 my. The extract pre- 
pared from the impure lots was orange and had a 
complex peak showing multiple absorption maxima. 
(c) An ethyl acetate extract of an alkaline solution 
of the satisfactory dye is colorless, while that from 
the impure material was brown 


SEPARATION OF PROTOVERATRINES A 
AND B 


The protoveratrine complex may be readily crys- 
tallized from extracts of Veratrum album (11). 
Neither the free alkaloid nor its salts can be sepa- 
rated by fractional crystallization; in intensive 
studies on its constitution it was treated as a single 
entity. In 1952, Klohs, et al. (2), applying counter- 
current distribution between benzene and 6H 5.5 
buffer, separated protoveratrine into two individual 
components, “‘protoveratrine’’ and neoprotovera- 
trine. Nash and Brooker (4) applying similar tech- 
nique, distributed protoveratrine between chloro- 
form and 2% acetic acid, isolating protoveratrine A 
and protoveratrine B. Similarly, Glen ef al. (3), 
applying the same distribution system as Klohs 
to an unpurified fraction of protoveratrine, isolated 
three components, two of which were identical with 
the products of the other investigators. 

Kupchan and Deliwala (12) chromatographed 
protoveratrine in chloroform solution over sulfuric 
acid-washed alumina. The initial collute‘t consisted 
of pure protoveratrine A. A large intermediate 
eluate contained a mixture of the two alkaloids; 
finally, pure protoveratrine B was obtained by elu- 
tion with chloroform-1% methanol. 

Neither of these methods of separation can be 
readily adapted to analytical procedures; counter- 
current distribution requires relatively large amounts 
of alkaloid and is complex and time-consuming while 
sharp separations are not achieved by the chromato- 
graphic procedure. 

An analytical procedure has been described by 
Grant and Kennedy (14), who separate protovera- 
trine into its components by paper chromatography. 
The individual alkaloids are washed off the paper 
and determined colorimetrically with sulfuric acid. 

We have found that a sharp separation of proto- 
veratrine A from protoveratrine B is readily achieved 
by partition chromatography. Using pH 3.5 buffer 
on a Celite support, protoveratrine A is eluted by 
benzene and protoveratrine B by ethylene chloride. 
With this system there is, however, a loss of several 


3 We have been informed by the Eastman Organic Chemi- 
cals Dept., Distillation Products Industries, who furnished 
us with suitable material, that they have a stock of this 
batch available (Lot 9b) 

‘ The term “collute’’ has been introduced by Banes, ef ai. 
(13), to designate the substance removed from the chroma- 
tographic column together with the eluent to form the eluate 
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per cent through adsorption of alkaloid, which can 
be recovered by elution with chloroform. 

The loss by adsorption is effectively eliminated by 
the use of a mixture of two parts of pH 3.5 buffer 
and one part of ethylene glycol as the immobile 
phase. A column of 1 Gm. of Celite® with 1 ml. 
of the immobile phase is used for separation of mix- 
ture of approximately 1 mg. of each alkaloid. 

On such a column, 150 ml. of benzene removes 
quantitatively the protoveratrine A. Upon further 
elution with benzene, the next 100 ml. of benzene 
removes a negligible quantity (0.002 mg. ) of alkaloid. 
Continued elution with benzene will begin to remove 
a small amount of protoveratrine B (identified by 
paper chromatography) (15); 0.002, 0.007, and 0.014 
mg. are removed by successive 50-ml. portions of 
benzene. The protoveratrine B is readily eluted 
by 100 ml. of ethylene chloride; the next 50 ml. of 
ethylene chloride, followed by 150 ml. of chloroform, 
are completely free of alkaloid. 

In practice, 200 ml. of benzene, followed by 150 
ml. of ethylene chloride, are used, thereby providing 
adequate safety factors to ensure complete sepa- 
1ation and recovery. 

Mixtures of varying proportions of protoveratrines 
A and B® were separated. Recoveries are shown in 
Table IT. 


Protovera- Protovera- Protovera- Protovera- 
trine A, trine B, trine A, trine B, 
mg. mg. mg. mg. 
1.00 0.80 0.99 0.79 
1.00 1.00 1.00 1.02 
1.00 1.40 1.00 1.36 
1.40 1.00 1.39 0.99 
0.80 1.60 0.78 1.58 
1.60 0.80 1.61 0.79 


To determine the efficacy of the separation, each 
fraction of a run was rechromatographed separately. 
Both the ethylene chloride residue of the initial pro- 
toveratrine A fraction and the benzene residue of 
initial protoveratrine B fraction were free of alka- 
loid, thereby showing that the separation procedure 
yields the individual alkaloid uncontaminated by the 
other. 


EXPERIMENTAL 


Apparatus..-The chromatographic column con- 
sists of an 18 x 150-mm. test tube to which is 
attached a 6-mm. outlet tube. A platform of four 
horizontal prongs of glass, meeting at the center of 
the tube, is formed just above the point of attach- 
ment of the outlet tube. This is constructed by 
simply indenting heated spots of glass with the end 
of a file. (This platform is not essential, but makes 
a convenient base against which to compress the 
adsorbent. ) 

The tamping rod consists of a disk of stainless 
steel, aluminum, brass, glass, etc., with a diameter 
ca. 1 mm. less than that of the tube, and attached 
to a rod conveniently 12 to 18 inches long. 

Procedure.—To 4 parts (by volume) of a solution 
of 1 mg. chlorophenol red per ml. of MclIlvaine’s pH 


* The pure alkaloids were kindly furnished by the Riker 
Laboratories, Inc. 
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3.5 buffer (16), filtered if necessary, add 2 parts of 
C. P. ethylene glycol and 3 parts 95% U. S. P. ethyl 
alcohol. Store in the dark. 

Add 1 ml. of the CPR solution to 1 Gm. of Celite® 
545 (Johns-Manville Co.) in a mortar. Incorporate 
thoroughly by kneading with a flexible spatula blade. 
The resultant mixture is fluffy, and does not stick 
to the sides of the vessel. Transfer about one-half 
of the mixture to the chromatograph column which 
is held horizontally; introduce the tamping rod, and 
turn the column to an upside-down position, so that 
the adsorbent falls onto the head of the tamping rod. 
Tap the handle of the rod against the table to spread 
the adsorbent uniformly; then press the rod to com- 
press the adsorbent against the platform at the base 
of the column. Now clamp the column vertically, 
introduce the remainder of the adsorbent, and tamp 
it firmly, but not too tightly. Tap the column 
gently to dislodge any loose particles. Wash the 
adsorbent with 10 ml. of water-saturated chloro- 
form.® 

Run onto the column 3 ml. chloroform followed 
immediately by 2 ml. of a standard solution of 0.04 
to 0.05 mg. of pure alkaloid per ml. of U. S. P. 
chloroform. (The standard solution should be 
pipetted and ready to run onto the column at the 
time of addition of the chloroform, so that in effect 
the sample is contained in a volume of 5 ml.) 
Collect the eluate directly in a separatory funnel into 
which has been pipetted 5.0 ml. of approximately 
1 N Na,CO; solution. After the chloroform solu- 
tion has run through the column, as evidenced by 
cessation of effluent flow, add 3 ml. of chloroform, 
carefully washing the walls of the column with this. 
When this volume has passed through repeat with 
an additional 7 ml. of chloroform. Finally, rinse 
the tip of the outlet tube with several drops of 
chloroform. 

Immediately replace the receiver with another, 
and pass 15 ml. of chloroform over the column to 
serve as a blank. 

Replace the receiver and run in 4 ml. chloroform 
plus a 1-ml. aliquot of the sample containing 0.05 
to 0.1 mg. of alkaloid. Wash with 3 ml., then 7 ml., 
of chloroform. Continue with a repeat aliquot. 

Shake the contents of each separatory funnel 
thoroughly. Draw off the chloroform layer (the 
alkaloid and the chloroform can be recovered 
therefrom). Clarify the aqueous layer, if necessary, 
by centrifugation; determine its absorbance at 
575 my. 

Partition of Protoveratrines A and B.—To 1 Gm. 
Celite” add 1 ml. of a mixture of 2 parts (by volume) 
of pH 3.5 buffer and 1 part of ethylene glycol. Mix 
thoroughly, and transfer to a chromatographic 
column, using a small wad of cotton or glass wool as 
support for the adsorbent. Tamp firmly. Wash 
with several ml. of pure benzene. Add a mixture of 
approximately 2 mg. of protoveratrine dissolved in 5 
to 10 ml. benzene. After the solution bas run onto 
the adsorbent wash the sides of the column with 
with several 2-ml. portions of benzene. Elute the 
column with 200 ml. benzene to isolate the proto- 
veratrine A. Follow with 150 ml. of pure ethylene 
chloride to isolate the protoveratrine B. Evapo- 
rate the solvent to dryness on a steam bath, using 


* Wash U. S. P. chloroform with water to saturate; then 
add 1% U.S. P. or absolute ethyl! alcohol. Filter to clarify. 
This solvent is used in the ensuing steps to circumvent de- 
hydration of the columa. 
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a current of air to facilitate drying and avoid boiling 
or creeping. Dissolve the residue in sufficient chlo- 
roform to provide a solution of 0.05 to 0.1 mg. per 
ml.; transfer to a glass-stoppered container to 
guard against evaporation loss before determination. 

Determination of Total Protoveratrine A and B in 
Tablets.—Introduce into a 50-ml. volumetric flask a 
sufficient number of tablets to contain 2 mg. of pro- 
toveratrine. Add ca. 30 ml. of approximately 1 N 
H,.SO,; shake vigorously until the tablets are thor- 
oughly disintegrated. Make to volume with 1 N 
H,SO,; mix thoroughly, then filter. Pipette a 25- 
ml. aliquot into a separatory funnel; extract with 
three 25-ml. portions of carbon tetrachloride (chloro- 
form removes a small amount of alkaloid from this 
solution). Make the solution alkaline by cautiously 
adding crystalline sodium carbonate in small 
amounts until effervescence ceases; extract the 
solution with three 25-ml. portions of chloroform. 
Filter through a dry filter; rinse this with chloro- 
form. Evaporate to dryness; dissolve the residue 
in 10 ml. U. S. P. chloroform, and determine as 
above. 

A tablet mixture was prepared to simulate the 
composition of commercial tablets. Recoveries of 
97 to 100% of the added protoveratrine A and B 
were achieved. 


SUMMARY 


Protoveratrine A can be quantitatively sepa- 
rated from protoveratrine B by partition chro- 
matography over Celite® on which a mixture of 
pH 3.5 buffer and ethylene glycol is incorporated 
as immobile phase. The protoveratrine A is 
eluted with benzene, while the protoveratrine B 
is eluted with ethylene chloride. A procedure 
for the determination of the alkaloid is based on 
the finding that passage of protoveratrine in 
chloroform solution over a Celite® column on 
which buffered chlorophenol red is incorporated as 
immobile phase removes a quantity of dye pro- 
portional to the quantity of alkaloid. 
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5-Chloro-2-thienyl-s-dialkylaminoethyl Ketones and 
Related Compounds* 


By SAMUEL B. BRITTON{ and W. LEWIS NOBLES 


The syntheses of ten 8-amino ketones of the type RCOCH,CH,—NR ;; - 
chloro-2-acetylthiophene and 4-(5-chloro-2-t 


HCI from 5- 
ieny])-3-buten-2-one by the Man- 


nich reaction are described. Some of these bases were found to possess in vitro ac- 
tivity against certain bacteria. 


9 pre HAVE OBSERVED that certain sub- 
stituted 8-amino ketones and their deriva- 
tives possess both local anesthetic and/or anti- 
spasmodic activity (1-4). Compounds of this 
type are readily obtained by the Mannich re- 
action, which utilizes the appropriate ketone, 
formaldehyde or paraformaldehyde, and the de- 
sired secondary amine (5). This may be illus- 
trated as follows: 


RCOCH; + HCHO -++ R’:NH-HCl — 
R.COCH; CH:NR';HCl + H:O 


Levvy and Nisbet (1) indicated that both the 
piperidine and dimethylamino Mannich bases 
obtained from 2-acetylthiophene possess local 
anesthetic activity. Denton and his co-workers 
(2) in a series of papers described the antispas- 
modic activity of compounds of this type. 
Specifically, they observed that 2-(8-piperidino- 
propionyl)-thiophene hydrochloride possesses 
antispasmodic activity equal to that of 8-diethyl- 
aminoethyl diphenylacetate hydrochloride (Tra- 
sentine®) and greater than that of papaverine. 

The introduction of halogen atoms into com- 
pounds which are physiologically active fre- 
quently raises the activity, an effect which is 
probably due to physicochemical influences (6). 
This has been observed with such pharmaco- 
dynamic agents as Histadyl® and Chlorometha- 
pyrilene®, Trimeton® and Chlor-Trimeton®, and 
others. Thus, the authors became interested in 
inserting a halogen atom into the thiophene nu- 
cleus of such a compound as 2-(8-piperidino- 
propionyl)-thiophene, which has been shown to 
possess biological activity. Such a change would 
produce a compound of the following type: 


(I) 


* Received May 5, 1955, from the School of Pharmacy, 
University of Mississippi. University, Mississippi. 

+ Present address: School of Pharmacy, University of 
Kansas, 


As the similarity in physical and chemical prop- 
erties of a compound and its vinylog is well 
known (7), we were also interested in learning 
whether or not vinylogs of these Mannich bases 
would demonstrate similar biological activity. 
These vinylogous substances may be represented 
by the following general formula: 


oO 
Cc \s/ 


(II) 


Moreover, interest in these vinylogs was in- 
creased as a result of the im vitro antibacterial 
activity reported by Burckhalter and Johnson 
(8) for 5-dimethylamino-1-phenyl-1-penten-3- 
one (III), which may be prepared from benzal- 
acetone by means of the Mannich reaction. 


(III) 


Furthermore, it is known that certain unsaturated 
ketones possess an antibacterial effect, and pre- 
liminary pharmacological studies indicate that 
some of the compounds listed in Table I are active 
against certain bacteria (9). 


PHARMACOLOGICAL RESULTS 


The compounds listed in Table I were submitted 
for pharmacological screening to Parke, Davis and 
Company. Thus far, results of testing for the anti- 
bacterial activity of numbers 1 and 5 of the 10 
Mannich bases have been obtained. A representa- 
tive portion of the bacterial spectrum of these two 
compounds is shown below, the figures being the 
concentration (yg./ml.) required for the complete 
inhibition of growth of the specified organism. For 
3 - dimethylamino - 1 - (5 - chloro - 2 - thienyl) - 1 - 
propanone hydrochloride (No. 1): Myco. tuberculosis 
H37Rv, 20; K. pneumoniae, >20; Strep. pyogenes, 
>20; Staph. aureus, >20; Pseud. aeruginosa, 
>20; and Proteus vulgaris, >20. Results were very 
similar for Compound No. 5in Table I. No results 
have yet been obtained in the evaluation of these 
agents as local anesthetics and/or antispasmodic 
agents. 
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TaB_s I.—MAannicu Bases 


NR: 
Dimethylamino 
Diethylamino 
1-Piperidy! 
1-(2-Methylpiperidy]) 
4-Morpholiny! 


Formula 


CyHeCINOS-HCl 
CyuHyCINOS-HCI 
CyHpCINOS-HCI 
CyHyCINO,S-HCI 


Anal yses 
m. p.* -—Carbon—— —Hydrogen— 
Caled Found Found 

170-172 42.57 42.29 16 4. 

114-115 ‘ 46.83 46.16 6 5. 

192-193 48.98 49.28 .83 5. 

202-203 50.68 50.39 6.22 6 

178-180 44.62 45.02 : 


—CH:;—CH;—NR; 


Dimethylamino 
Diethylamino 
Diisopropylamino*® 
1-Piperidyl 
1-(2-Methylpiperidy]) 


me All melting points are uncorrected. 
6 Carbon and hydrogen analyses b 


CyuHyCINOS-HCl 
CyHpCINOS-HCl 
CysHeCINOS-HCl 
CyK;-CINOS-HCl 
CysH»ClNOS-HCI 


138-139 56 
128-130 27 
156-157 29 
184-185 41 
205-206 32 


Weiler and Strauss, Oxford, England 


© Obtained through the courtesy of Sharples Chemical Company 


DISCUSSION 


These 10 related keto bases were all prepared by 
means of the Mannich reaction. 

The starting ketones, 5-chloro-2-acetylthiophene 
and 4-(5-chloro-2-thienyl)-3-buten-2-one were pre- 
pared according to the methods outlined previously 
(10). Thus, 4-(5-chloro-2-thienyl)-3-buten-2-one 
was prepared by utilizing 5-chloro-2-thenaldehyde 
in a typical Claisen-Schmidt condensation with 
acetone. The requisite aldehyde was prepared from 
2-chlorothiophene and dimethylformamide using 
phosphorus oxychloride, according to the method 
of Campaigne (11). It is noteworthy that, although 
the formylation of thiophene by this procedure is 
accompanied by a strong exothermic reaction which 
necessitates cocling with an ice bath, this does not 
occur with 2-chlorothiophene. Rather, the reac- 
tion mixture must be heated rather strongly for a 
period of 3-4 hours. 

The Mannich bases were prepared in the same gen- 
eral manner as previously indicated (10). 


SUMMARY 


Ten Mannich bases derived from 5-chloro-2- 
acetylthiophene and 4-(5-chloro-2-thienyl)-3- 


buten-2-one have been prepared using various 
dialkyl and heterocyclic amines. Two of these 
compounds have been found to be active against 
certain bacteria. 
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Diginatin—A New Cardioactive Glycoside from 
Digitalis lanata* 


By JAMES E. MURPHY 


A previously unreported cardioactive glyco- 
side has been isolated from the leaves of 
D. lanata and found to be closely related to 
digoxin and gitoxin. Both the glycoside 
and its aglycone are relatively water soluble. 


‘|= three principal desgluco glycosides found 

in digitalis leaves, viz. digitoxin, gitoxin, and 
digoxin, are very similar in chemical structure. 
Upon hydrolysis they yield three moles of digitox- 
ose and aglycones differing only in the number 
and position of their hydroxyl groups. Other 
glycosides have been isolated from D. purpurea, 
gitalin (1, 2), digitalinum verum (3, 4, 5), diginin 
(6), gitorin (7), strospeside (8, 9), and digicorin 
(10). Digicorin and gitorin have also been 
found in D. lanata. All these glycosides differ 
from the digitoxin, gitoxin, digoxin group in that 
they contain sugars other than digitoxose or as 
in the case of gitalin, do not yield three moles of 
digitoxose upon hydrolysis. 

In testing for impurities likely to be present in 
crude digoxin, a glycosidal substance was first 
observed on paper chromatograms and by means 
of a fluorescence assay (11), which was different 
from all previously known glycosides or their pre- 
cursors. So far this substance has only been de- 
tected in appreciable amounts in D. Janata and 
has consequently been named diginatin. 

Experimental amounts of diginatin have 
been isolated from residues remaining from the 
processing of digoxin and its physical and chemi- 
cal properties determined. 

Diginatin has been found to be very similar in 
structure to digitoxin, digoxin, and gitoxin in that 
it consists of three moles of digitoxose and an 
aglycone, isomeric with digoxigenin and gitoxi- 
genin, except for the presence of an extra acetyla- 
table hydroxyl group. Analytical data agree 
well with the formula C,,H»,O,; for the glycoside 
and C2sHO, for the aglycone. Experimental 
data indicate that the hydroxyl groups are lo- 
cated at carbon atoms 3, 12, 14, and 16 although 
that assigned to C-12 is tentative. 


* Received May 23, 1955, from the Analytical Research 
Laboratory, Burroughs Wellcome & Co., (U.S.A.) Inc., 
Tuckahoe, N. Y. 

The author wishes to express his gratitude to Dr. P. 
Kulka, Mr. S. Blackman, and Dr. A. Elek for the micro- 
analyses; to Miss W. Holden for the bioassay and to Dr. 
C. W. Ferry for his many helpful suggestions and criticisms. 
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Unlike the three similar glycosides it is rela- 
tively soluble in water. It is believed to have 
precursors similar to the other glycosides in D. 
lanata. Upon deesterification of a sample of 
acetyldigoxin obtained from Gisvold (12), digina- 
tin was obtained as one of the minor constituents. 
Before treatment, it was absent and was un- 
doubtedly present in the acetylated form. A 
sample of dried D. lanata which contained large 
amounts of the lanatosides and very little des- 
gluco glycosides and no detectable amount of 
diginatin yielded diginatin after macerating in 
water to allow the enzymes to break down the 
primary glycosides. Silberman and Thorp (13) 
mention the presence of an unknown glycoside 
in their extracts of fresh leaves of D. lanata 
which could be the lanatoside of diginatin. 

Diginatin has been tested by the U. S. P. pigeon 
assay for digitalis and found to be cardioactive. 


EXPERIMENTAL 


First attempts at isolating the unknown sub- 
stance from the residues remaining from digoxin 
processing were made by recrystallization from 
alcohol and aqueous alcohol solution. It was found 
very difficult to separate it from digoxin after a cer- 
tain critical concentration was reached. The use 
of immiscible solvents was tried next. Since good 
separation of the unknown from digoxin had been 
obtained on paper chromatograms using Svendsen 
and Jensen’s method (14) and a solvent system of 
chloroform, methanol and water, different ratios of 
these solvents were tried. A partial concentration 
was obtained and with enough transfers the un- 
known substance could no doubt have been 
separated but the volumes of solvent found neces- 
sary were large and an easier separation was desired. 

The use of partition chromatography had proved 
satisfactory for the separation of other glycosides 
in our laboratory and since it was found that with 
paper chromatography using formamide-impreg- 
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nated strips, the unknown could be separated 
easily from other glycosides, it was decided to use a 
Celite® column similar to that used by Banes and 
Carol (15) for digitoxin. The stationary phase con- 
sisted of two parts water and one part formamide 
while chloroform saturated with the stationary 
phase was used as the sole component of the mobile 
phase. Under these conditions digitoxin, gitoxin, 
and digoxin were eluted in the early fractions and 
the unknown substance was eluted almost com- 
pletely free of contaminating glycosides in later 
fractions. Several runs were made and then the 
fractions containing the unknown were bulked 
and rechromatographed using the same type column. 
The desired fractions, found by paper chromato- 
graphic analysis, were bulked and concentrated 
in vacuo to a thick syrup. The syrup was poured 
with stirring into water saturated with sodium 
chloride. A white gummy precipitate was ob- 
tained. This precipitate was dissolved in a small 
amount of alcohol by warming, then diluted with 
20% alcohol and refrigerated overnight. Filtration 
and drying of the precipitate formed, yielded an off- 
white amorphous powder. The filtrate on standing 
at room temperature yielded a large amount of 
needle-like crystals. After stirring the amorphous 
powder above with ethyl acetate, it was recrystallized 
from 20% alcohol and gave the same type needle 
shaped crystals. Both crops of these crystals were 
combined, dissolved in 50% alcohol, treated with 
charcoal, and recrystallized. 

Paper chromatography using two systems, (a) 
chloroform, methanol, and water, and (b) form- 
amide impregnated strips and chloroform, showed 
the crystals to be homogeneous except for a faint 
trace of another substance. Spots were obtained 
which did not correspond to any of the known 
glycosides from D. purpurea or D. lanata. Using a 
solvent system consisting of chloroform 25, methanol 
5, water 12.5, the substance had an Ry of 0.20. It 
fluoresced strongly when sprayed with trichloro- 
acetic acid in alcohol or chloroform, behaving more 
like a gitoxigenin-containing glycoside than a 
digitoxigenin or digoxigenin glycoside. 

Using strips saturated with a 30% solution of 
formamide in acetone according to Jensen (16) and 
chloroform as the developing solvent, the substance 
was still close to the point of origin after eight hours. 
This behavior was similar to that of the lanatosides 
under the same conditions but the spot obtained 
did not correspond to those obtained with the 
known lanatosides. Figure 1(a) shows the relative 
positions of the unknown glycoside (diginatin) to 
some of the glycosides and aglycones in a total 
glycoside sample from D. lanata. 

The crystalline glycoside melted at 234°. It 
was soluble in alcohol, diluted alcohol, and dioxane, 
and slightly soluble in acetone. One part was 
soluble in 1000 parts of water and in 2000 parts of 
chloroform at 25°. It was somewhat hygroscopic. 
Specific rotations were determined in a 2-dm. 
tube. +23.7°, [a],25, +28.7° (C = 22 
methylalcohol). [a] +21.1°, [a],25, +24.8° (C= 
1.6 pyridine). 

Anal.—Caled. for CyHeOw: C, 61.78; H, 8.09. 
Found: C, 62.02; H, 8.16. 

It gave the reaction for a desoxy sugar with Keller- 
Kiliani reagent. Using the ring test for digitalis 
glycosides, a reddish-brown color was obtained at 
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the junction of the two liquids, the acetic acid layer 
changed to indigo on standing and the sulfuric acid 
layer was rose in color by transmitted light and had 
a greenish fluorescence in reflected light. When 
assayed against digoxin using a modified Keller- 
Kiliani reagent (sulfuric acid 8 ml., ferric chloride 
T.S. 1.6 ml., and glacial acetic acid q.s. ad. 100 
ml.) it assayed 97.9%. When assayed against 
digoxin using alkaline dinitrobenzoic acid, it as- 
sayed 102.0%. These assays gave indications that 
it was composed of three moles of a desoxy sugar 
and an aglycone probably similar to digoxigenin 
or gitoxigenin. (Digitoxin gives a response about 
20% higher than digoxin in the latter assay.) 

When assayed against gitoxin using the fluores- 
cence assay of Murphy (11) it gave a response 
approximately equal to that given by gitoxin. How- 
ever, when the temperature at which the assay was 
run was higher than 25° or the time much longer 
than thirty minutes, a much greater response was 
obtained with the unknown glycoside than with 
gitoxin. This indicated that there might be more 
hydroxyl groups present in the glycoside. 

The ultraviolet spectra of the unknown was 
determined in 50% alcohol. E}%, at 220 mp 
(max.) = 191. The position of the maximum and 
the shape of the curve was the same as for digoxin 
and digitoxin. This suggested that the glycoside 
is similar to other digitalis glycosides in having an 
unsaturated lactone group. On treatment with 
alkali, the absorbance decreased indicating the 
formation of an isoglycoside and removal of the 
unsaturated linkage. 


HYDROLYSIS OF DIGINATIN 


Three hundred milligrams was dissolved in 20 
mil. of water and 20 ml. of ethyl alcohol. Hydro- 
chloric acid (0.14 ml.) was added and the mixture 
was heated on a steam bath under reflux for thirty 
minutes. The solution was cooled, neutralized 
with 1 N sodium hydroxide and then concentrated 
under reduced pressure to about 10 ml. At this 
point the aglycone separated and was filtered off. 
The filtrate still contained considerable aglycone, 
which appeared to be quite soluble in water, unlike 
the other aglycones of digitalis glycosides. The 
solution was saturated with sodium chloride and 
extracted with chloroform. It was found that the 
sugar was also extracted under these conditions. 
The chloroform extracts and the sodium chloride 
solution were therefore combined and concentrated 
to dryness and the residue extracted with pyridine. 
Aliquots of this solution were chromatographed 
for identification of the sugar. Known samples 
of digitoxose and of glucose were run at the same 
time. Two different solvent systems were used: 
n-butyl alcohol—acetic acid—water 4:1:5 and ethyl 
acetate—pyridine-water 2:1:2. Two spray re- 
agents were used: 25% trichloroacetic acid in alco- 
hol and 1% phthalic anhydride in alcohol. With 
both solvent systems the hydrolysate gave a strong 
spot having the same Ry values as the digitoxose. 
Glucose was absent. 

For a more definite identification attempts were 
made to form derivatives of the sugar. Due to the 
nature of the solution, which by paper chromatog- 
raphy was shown to contain a desoxy sugar, 
aglycone, and unhydrolyzed glycoside, a phenyl 
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hydrazone or dinitrophenylhydrazone could not be 
obtained. Better results were obtained using the 
procedure of Dimler and Link (17), for forming 
the benzimidazole of the sugar. Prolonged cooling 
and scratching of the reaction mixture was necessary 
before crystallization took place. The crystals 
were filtered off, washed with a small amount of 
cold acetone and dried, m. p. 208-210°. After re- 
crystallization from methanol, m. p. was 211- 
211.5°. 

A sample of the benzimidazole of digitoxose pre- 
pared in the same manner from digoxin gave a m. p. 
of 211—211.5° after recrystallization from methanol. 
A mixed melting point of the two samples showed 
no depression. 

The aglycone which had separated on concentrat- 
ing the hydrolysis mixture was recrystallized from 
a small amount of 50% alcohol. The Keller- 
Kiliani reaction for desoxy sugar was negative. 
A sample was chromatographed using the form- 
amide procedure above and chloroform as the 
developing solvent. A strongly fluorescing spot 
was obtained after spraying the chromatogram 
with trichloroacetic acid spray reagent which did 
not correspond to any of the known aglycones from 
digitalis. Figure 1(b) shows the relative position 


Fig. 1.—Paper chromatograms. Strips impreg- 
nated with 30% formamide in acetone. Develop- 
ing solvent: (a) chloroform with 10% n-heptane 
after eight hours; (4) chloroform after two hours; 
(c) chloroform with 3% alcohol after sixteen hours. 


of the different aglycones when chromatographed 
on strips impregnated with formamide. Figure 
1 (c) shows the relation of the unknown aglycone 
to its glycoside. There were two minor spots ob- 
tained and it was thought that they may have been 
due to small amounts of mono- and dianhydro- 
genins formed during the hydrolysis. These im- 
purities were removed by recrystallizing the sample 
twice from chloroform, m. p. 190-192°. 

It was evident from these analyses that the agly- 
cone had crystallized with a mole of chloroform. 

Anal.—Caled. for C, 54.80; 
H, 6.70; Cl, 20.2. Found: C, 55.79; H, 7.30; 
Cl, 19.8. 
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Another sample of aglycone was prepared and 
recrystallized from water instead of chloroform, 
m. p. 157°. 

Anal.—Caled. for CxsH3.O6: C, 67.95; H, 8.43. 
Found: C, 68.12; H, 8.40. 

It gave a positive Legal test and a positive re- 
action with Tollen’s reagent. Both reactions show 
the presence of the typical unsaturated lactone 
group. 

An assay was run to determine the number of 
acetylatable hydroxyl groups. The procedure used 
was that given by Siggia (18) but modified so that 
a 30-mg. sample could be used. Samples of other 
aglycones were run at the same time. Results are 
given in Table I. 


TaBLe 1.—DETERMINATION OF ACETYLATABLE 
HypROXyL tn CarpIAc AGLYCONES 


Digitoxigenin 

Gitoxigenin. . . 

Digoxigenin. . . 
Diginatigenin............ 


From these results, it was concluded that the 
aglycone had three acetylatable hydroxyl groups. 
It was fairly certain that one hydroxyl was at C-3, 
the position occupied by the digitoxose in the other 
three glycosides. A second hydroxyl is probably 
at C-16 as in gitoxin. The aglycone gives a strong 
fluorescence in phosphoric acid according to the 
reaction of Pesez (19). Bellet (20) states that this 
reaction is specific for cardiac glycosides having a 
OH at C-16. 

In order to determine where the third acetylatable 
hydroxyl group may be located, curves of the 
absorbance of the aglycones in sulfuric acid were 
taken. In Fig. 2, the peak obtained with diginati- 
genin at 560 my is close to that at 570 my given by 
gitoxigenin and is no doubt due to the hydroxyl at 
C-16. Digitoxigenin under these conditions gives 
no definite maxima. It was thought that the third 
OH in diginatigenin may be at C-12 but the in- 
definite peak at 290 my did not help to prove this 
assumption. In Fig. 3, under different conditions, 
the maximum is more definite but is shifted to a 
longer wavelength. This shift could possibly be 
due to the effect of the OH at C-16. It may be 
mentioned here that cholic acid having OH groups 
at C-3, 7, and 12 gives a spectrum almost identical 
with that given by digoxigenin when run under the 
same conditions. 

Another indication that the OH may be at C-12 
is given by the fact that solutions of both digoxigenin 
and diginatigenin in sulfuric acid fluoresce strongly 
by reflected light. Digitoxigenin and gitoxigenin 
do not have this property. Fluorescence spectra 
may prove this point more definitely. The exact 
position of the third OH will have to be decided by 
further tests. 

Analyses for carbon and hydrogen indicated the 
presence of another hydroxyl. This is no doubt the 
tertiary hydroxyl at C-14 which is present in all 
cardiac glycosides derived from plants. 

The presence or absence of diginatin in other 
species of digitalis was determined by chromato- 
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Fig. 2.—Spectra of aglycones in sulfuric acid 
(no FeCl), after 30-45 minutes. ——— diginati- 
genin; - - - - digoxigenin; - - - - - - - - gitoxigenin. 


graphing purified alcoholic extracts on formamide- 
impregnated filter strips using the method of Jensen 
(16) with chloroform containing 3% alcohol as the 
developing solvent. Diginatin was absent in 
chromatograms of D. purpurea, D. thapsi, D. 
sibirica, D. lutea, D. ambigua, and D. mertonensis. 
Indefinite results were obtained with a sample of 
D. ferruginea. 


SUMMARY 


1. A new glycoside has been isolated from 
D. lanata by chromatographic procedures. 

2. Upon hydrolysis it yielded digitoxose and 
an aglycone similar to gitoxigenin and digoxi- 
genin but with an additional hydroxyl group. 

3. A structural formula has been tentatively 
assigned. 

4. The glycoside is cardioactive and relatively 
water soluble. 

5. Significant amounts have only been found 
in D. lanata. 


ABSORBANCE 


Fig. 3.—Spectra of aglycones in sulfuric acid con- 
taining 0.1 ml. FeCl, T.S. in 50 ml., after 24 hours. 
~——— diginatigenin; - - - - digoxigenin; - - - - - - - - 
gitoxigenin;....... digitoxigenin. 
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A description is given of the plant, the pee 

cal characteristics, the histology, and the 

diagnostic microscopic structures noted of 

the root of Roem. et 
ult. 


ga the embargo on shipments of Rauwelfia 
serpentina roots from India took effect, the 
drug industry has been in search of roots of other 
species of Rauwolfia yielding desirable hypo- 
tensive alkaloids, especially reserpine and ser- 
pentine. This interest was heightened in 1954 
when Djerassi and his associates (1) reported 
having isolated the alkaloids reserpine, serpentine, 
and ajmaline from the roots of Rauwolfia hetero- 
phylla growing in Mexico and Guatemala. Since 
that discovery, huge amounts of these roots 
have been imported into this country from 
Mexico and Central America for use in the extrac- 
tion of alkaloids. 

The author became interested in the problem 
of identifying these roots through samples re- 
ceived from the drug trade for confirmation of 
their identity. A search of the literature revealed 
some interesting information on the botany of 
the plant, but little of practical importance on 
the pharmacognosy of the root. In 1941, Paris 
and Mendoza Daza (2), briefly described the 
root, stem, leaf, and fruit of R. heterophylla and, 
by means of a microchemical test, reported the 
localization of alkaloidal material in the tissues of 
these organs. This information was found too 
general and inadequate for definitely identifying 
Rauwolfia heterophylla root. The purpose of this 
paper is to provide an adequate method for such 
determination through a description of the 
physical characteristics and histology of the root 
and a description of the powdered drug. 


MATERIALS AND METHODS 


The materials used in this investigation con- 
sisted of three herbarium sheets of Rauwolfia 
heterophylla, each with an attached portion of the 
root of the same plants which were collected in the 
vicinity of Chiapas, Mexico, and botanically veri- 
fied by Professor E. Matuda of the University of 
Mexico, three bundles of roots, stems, and leafy 


* Received May 16, 1955, from the Department of 
Pharmacognosy and Botany, Massachusetts College of 
Pharmacy, Boston 15. 

Presented to the Scientific Section, A. Pu. A., Miami 
Beach Meeting, May 5, 1955. 
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branches of the same species gathered by Professor 
Matuda and numbered to correspond to the num- 
bers found on the herbarium sheets, an entire plant 
and several herbarium sheets together with about 
five pounds of roots gathered by a botanist in El! 
Salvador, a number of samples of roots and pressed 
specimens of leafy branches of this species collected 
by Dr. L. G. Nickell about Vera Cruz and other 
stations in southern Mexico. Samples of commer- 
cial lots labeled “R. heterophylla Roots” were fur- 
nished by commercial crude drug and manufactur- 
ing pharmaceutical houses and compared with 
botanically verified material for their authenticity. 
All of these were studied by the usual methods of 
pharmacognostical technique including organoleptic 
tests, microscopical examination of transverse, 
longitudinal-radial and longitudinal-tangential 
sections in separate temporary mounts of water, 
lactophenol, and phloroglucin-HCl and in permanent 
double-stained balsam mounts. The herbarium 
materials were compared with the description of 
Rauwolfia heterophylla (R. hirsuta Jacq.) by Wood- 
son (3) and verified by the author. 

The powdered drug ground from roots of botanic- 
ally verified plant materials was examined in water 
for the study of crystals and starch grains and the 
natural appearance of ground tissues and in phloro- 
glucin-HCl reagent for elements possessing lignified 
walls. 

The Plant.—Rauwolfia heterophylla Roem. et 
Schult. (4) known in Guatemala as Chalchupa, in 
Mexico as Cabamuc and Chacmuc, and in Columbia 
as Pinique-pinique, is a branched shrub of the 
A pocynacee attaining a height of 2-2.5 meters and 
native to Central America, northern South America, 
Mexico, and the West Indies. Its branches bear 
simple, petiolate oblong-elliptic, ovate-elliptic to 
obovate-elliptic leaves arranged in whorls of 4, 
occasionally 3 to 5; axillary cymes of small, white 
salverform flowers and subglobular more or less 
laterally-flattened bilocular drupe fruits which are 
dark violet at maturity. An outstanding charac- 
teristic of the plant is seen in the very unequal sizes 
of its leaves in a number of the whorls (Fig. 1). 
Woodson (3) has classified this species as one of the 
components of the Rauwolfia hirsuta Jacquin con- 
cept in which he also has placed Rauwolfia tomentosa 
Jacq. and R. canescens L. with its varieties of glabra, 
tomentosa and intermedia. 


DESCRIPTION 


Physical Characteristics of Root.-Unground 
Rauwolfia heterophylla occurs in cylindrical, tor- 
tuous, or tapering pieces usually up to about 16 cm. 
in length and up to about 4 cm. in width at the sum- 
mit, some pieces with attached crown with stem 
bases. Externally, it is brown to dark brown with 
occasional lighter colored abrasions, irregularly 
longitudinally striate to longitudinally wrinkled, 
and somewhat scaly below the crown in thick pieces, 


RAUWOLFIA HETEROPHYLLA RBS aspect. The xylem (Fig. 3) is composed of 
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some pieces showing rootlets, short woody stumps of 
rootlets and warty protuberances. The fracture is 
short and irregular in thinner pieces, tough and splin- 
tery in thicker pieces, the fractured surface showing 
an irregular narrow zone of brownish bark along a 
portion of the margin and a large pale central zone of 
wood internally. The odor is indistinct when dry, 
but upon moistening or in the recently gathered 
drug resembles stored potatoes. The taste is bitter. 

Histology.—Transverse sections of Rauwolfia 
heterophylla root (Fig. 2) exhibit a narrow, nonstrati- 
fied cork of a variable number of radial rows of rec- 
tangular and quadrangular phellem cells with suber- 
ized walls and mostly up to 60 u in tangential length 
and about 40 w in radial width, a phellogen of thin- 
walled meristematic cells, a secondary cortex of 
tangentially elongated to isodiametric starch-, 
crystal- and resin-bearing parenchyma cells;a phloem 
of starch-, crystal- and resin-bearing phloem par- 
enchyma cells, scattered among which, in sections 
of thicker pieces, are stone cells and sclerenchyma 
fibers possessing thick lignified walls and, in all 
pieces, islets of sieve elements; the phloem region 
(Fig. 2) being traversed by phloem rays mostly 
1-3, occasionally up to 6 cells in width, the cell 
walls of which are nonlignified; an undulate 
cambium line; a broad xylem extending to the 
center of the section and of nearly uniform porous 


numerous wood wedges separated by xylem rays 
‘ 1-5 cells in width. The walls of all of the xylem 

Fig. 1.—Leaf and fruiting branch of Rauwolfia elements are lignified. The wood wedges eee 
heterophylla Roem. et Schult. From a shrub grow- Of numerous wood fibers, tracheids and pitted 
ing near Chiapas, Mexico. To right, a drupe fruit wood parenchyma cells scattered among which and 
and segment of the root of the same plant,  '/,, usually isolated in radial series, occur numerous 


Fig. 2.—Photomicrograph of a representative portion of a cross section of Rauwolfia heterophylla root, X 75, 
showing bark and outer secondary xylem regions. 
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pitted vessel elements, wood fibers, wood parenchyma, and wood rays. 


Photomicrograph, 150. 
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outer secondary xylem of Rauwolfia heterophylla root, 


pitted and bordered pitted vessels (Fig. 4), the latter 
up to about 120 » in diameter. While most of the 
vessels are arranged singly and radially within the 
wood wedges as observed in transverse sections, a 
few are in small groups. The vessel elements possess 
perforation plates on either lateral or end walls or 
both. 

Tangential-longitudinal sections of the phloem 
exhibit numerous crystal fibers containing mono- 
clinic prisms of calcium oxalate. 

Tangential-longitudinal sections of the xylem 
exhibit numerous xylem rays of spindle-shape com- 
posed of larger and smaller cells, the latter occur- 
ring in one or more nests within the xylem ray. 

Powdered Rauwolfia heterophylla Root.—Pow- 
dered Rauwolfiia heterophylia root is dull yellow to 
yellowish brown and possesses a bitter taste. Under 
the microscope it shows a number of simple and 2- to 
3-, occasionally 4-compound starch grains, the indi- 


5.—-Longitudinal-radial section of the inner phloem, cambium, 
xX 150. 
of stone (st) cells extending through the middle of the figure. 


and 
Note the group 


vidual grains being spheroidal, ovoid, plano-convex 
to angular-convex or pyriform, usually up to 24 u, 
occasionally up to 33 uw in diameter or length; 
numerous sclerenchyma fibers with strongly ligni- 
fied walls showing oblique pits and up to 15.2 yu in 
thickness; numerous isodiametric and elongated 
stone cells of varied outline (elliptic, triangular, 
hexagonal, rhomboidal, quadrangular, or irregular) 
(Fig. 5) with branching pore canals and with walls 
strongly lignified and often thicker than the central 
lumen, the elongated type up to about 210 u in 
length and 57 uw in width; fragments of brown to 
reddish-brown amorphous resin and unbranched 
latex cells; numerous rhombohedral, tabular to 
elongated prisms of calcium oxalate mostly up to 
38 uw in length; numerous tracheids and vessels of 
pitted and bordered pitted types some with pecul- 
iarly curved and tapered end walls, their walls 
lignified; numerous fragments of cork tissue, its 
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cells polygonal or rectangular and with mostly or 
entirely nonlignified walls, the polygonal cells, 22 to 
62 uw in diameter; fragments of vascular elements 
traversed by rays with cells having thin pitted walls, 
those of the xylem rays being lignified; fragments of 
stem bases with numerous elongated narrow peri- 
cyclic fibers with thick nonlignified walls and narrow 
lumen, and numerous crystal fibers whose cells con- 
tain rhombohedral crystals of calcium oxalate. 
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The Analysis of Conjugated Estrogen Preparations* 


By PAUL M. SANDERS, DANIEL BANES, and JONAS CAROL 


New procedures for the hydrolysis of con- 

jugated estrogens in acid-alcohol and in al- 

kaline media are described. These proced- 

ures have been applied to the assay of phar- 

maceutical preparations containing water- 
soluble estrogens. 


T= PRINCIPAL commercial source of natural 

estrogenic substances is equine pregnancy 
urine, in which the steroids occur chiefly as their 
water-soluble sulfate esters (1). Analytical pro- 
cedures for conjugated estrogen preparations have 
included either direct separation of the esters from 
excipient matter by extraction, or hydrolysis of 
the conjugates with subsequent purification of the 
free estrogens. In a recent study of several 
extraction procedures, Gaunt (2) and his col- 
laborators concluded that treatment of the con- 
jugates with dicyclohexylamine acetate and an 
organic solvent yielded the best ester extract for 
colorimetric analysis. 

The cleavage of estrogen sulfates has been 
accomplished by the use of dilute hydrochloric 
acid (2-4), dioxane (4), dioxane containing tri- 
chloroacetic acid (5), or enzymatic preparations 
(3, 6). Recoveries of free phenols from urine 
extracts after phenolsulfatase hydrolyses were 
20% greater than those obtained by acidic 
hydrolysis (3). However, the enzymatic pro- 
cedure required large quantities of phenolsul- 
fatase, it was time-consuming and it proved im- 
practicable for the assay of pharmaceuticals. 
Dioxane cleavage (4) also has been successful 
only with highly purified samples of conjugated 
estrogens. 


* Received March 1, 1955. from the Department of Health, 
Education, and Welfare, Food and Drug Administration, 
of Pharmaceutical Chemistry, Washington 25, 
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Although Grant and Beall (4) have succeeded 
in recovering the theoretical quantity of estrone 
by the hydrolysis of pure sodium estrone sulfate 
in 0.1 N hydrochloric acid, it has been asserted by 
several investigators (2, 3, 7, 8) that even the 
most favorable conditions for aqueous-acid 
hydrolysis of urinary sulfates may lead to some 
loss of free estrogens. A study was therefore 
undertaken in this laboratory for (a) the correla- 
tion of data on estrogens recovered after hydroly- 
sis in acid with data obtained by the analysis of 
dicyclohexylamine extracts of estrogenic con- 
jugates; and (b) the development of new hydro- 
lytic procedures. 


EXPERIMENTAL 


A series of samples of conjugated estrogen pow- 
ders (such as those used in formulating pharmaceuti- 
cals) were hydrolyzed in dilute hydrochloric acid 
solution with and without a toluene cover. Time, 
temperature, and pH of solution were varied over a 
wide range. Total recovered estrogens were esti- 
mated colorimetrically by means of a modified 
Kober reaction! and the individual steroids were also 
determined.? The results were in accordance with 
those reported in the literature (4, 9). Maximum 
recoveries were obtained by hydrolysis under a 
toluene cover at fH 0.8-1.2 and a heating time of 
30-60 minutes at 100°. Under these conditions, 


' In the modified Kober test, a 50-ug. sample of pure es- 
trone, and an quantity of vacuum-dried extract 
were each heated with 1 ml. of Haenni’s Reagent A (10) at 
100° for sixty minutes. The cooled solutions were dissolved 
in 10 ml. of 35% sulfuric acid, and absorbances relative to a 
reagent blank at 525 my (minus half the respective absorb- 
ances at 420 my) were used in estimating the “corrected 
Kober chromogens."”” “‘Uncorrected Kober chromogens” 
were also calculated from the absorbances at 525 my, without 
correcting for atypical colors due to contaminants extracted 
with the estrogens. 

2 Estrogens were purified and separated by the use of 
Girard’s Reagent T, as directed by Carol and Rotondaro 
(11). Ketosteroids were analyzed according to the differen- 
tial procedure of Banes (12) and total diols were estimated 
in terms of estrone equivalent by the Kober procedure de- 
scribed in the preceding footnote. ‘Total estrogens” were 
calculated as the sum of estrone plus equilin plus equilenin 
plus tota! diols. 
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hydrochloric acid and oxalic acid yielded compar- 
able recoveries. Phosphoric and _ trichloroacetic 
acids yielded lower values. 

In view of Van Bruggen’s (7) report on the high 
recoveries obtained by the hydrolysis of conjugated 
estrogens in acid-butanol solution, the effect of 
ethanol and other alcohols was _ investigated. 
Preliminary experiments indicated that hydrolysis 
of the conjugates proceeded rapidly in absolute etha- 
nol containing a small amount of hydrochloric acid. 
Accordingly, samples of conjugated estrogen pow- 
ders were hydrolyzed while varying the time, tem- 
perature, proportions of ethanol and water, and con- 
centration of hydrochloric acid. Maximum re- 
coveries of estrogens resulted when hydrolysis 
proceeded for five minutes in boiling absolute etha- 
nol. At room temperature hydrolysis was 95% 
complete in one hour. The concentration of hydro- 
chloric acid was not critical, and 0.5 ml. of the 
acid in 25 ml. of ethanol was sufficient for complete 
hydrolysis. Recoveries from methanol were equal 
to those from ethanol; normal propanol and butanol 
gave appreciably lower values. Oxalic acid yielded 
recoveries equal to those obtained with hydro- 
chloric acid but the hydrolysate produced trouble- 
some emulsions in subsequent extractions. Tri- 
chloroacetic acid gave lower recoveries. Based upon 
these considerations, a new method was devised for 
for the cleavage of conjugated estrogens by acid 
hydrolysis in alcohol (Procedure I). 

The attempted hydrolysis of estrogen sulfates in 
alkaline solution has been unsuccessful. When 
sodium estrone sulfate was heated in normal so- 
dium hydroxide at 100° for thirty minutes, no 
free estrone was recovered (4). The application of 
more drastic conditions led to decomposition of the 
steroid. 

Unlike the sulfate esters of phenols, the acyl esters 
hydrolyze rapidly when treated with alkaline rea- 
gents. It has been found in this laboratory that 
steroidal phenolic sulfates can be converted to the 
corresponding acetates by heating with acetic an- 
hydride and pyridine. The application of this find- 
ing led to the devisal of an alternative hydrolysis 
procedure (Procedure V). Recoveries of estrone 
from crystalline piperazine estrone sulfate, after 
transesterification and alkaline hydrolysis, were 
98-100% of the theoretical value. 

Detailed analyses of the estrogens in both tablets 
and powders were made by the following procedures. 

Procedure I. Alcohol-Acid Hydrolysis.—A pow- 
dered sample, equivalent to 5-10 mg. of uncon- 
jugated estrogens, was mixed with 25 ml. of methanol 
in a 125-ml. glass-stoppered Erlenmeyer flask. 
One ml. of hydrochloric acid was added with swirl- 
ing, and the mixture was boiled for five minutes 
(flask loosely stoppered). After cooling, the mixture 
was washed into a 125-ml. separatory funnel with 
70 ml. of water, and 20 ml. of trichloroethylene. 
The mixture was shaken vigorously and the tri- 
chloroethylene layer was removed to a 110-ml. 
volumetric flask. This extraction was repeated 
with three additional 20-ml. portions of trichloro- 
ethylene. The extracts were diluted to volume with 
trichloroethylene, and filtered. Duplicate 1-ml. 
aliquots were evaporated and analyzed colori- 
metrically for ‘Kober chromogens”’ as estrone, and a 
100-ml. aliquot was evaporated to a small volume 
for the differential procedure (11, 12). 
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Procedure II. Aqueous Acid Hydrolysis.— Re- 
agents.—Toluene, ACS Reagent Grade. A powdered 
sample, equivalent to 5-10 mg. of unconjugated 
estrogens, was mixed with 100 ml. of water. Suffi- 
cient hydrochloric acid was added to yield a pH 
of 0.9-1.1. Ten milliliters of toluene was added, 
and the mixture was heated under reflux for thirty 
minutes in a boiling water bath. The flask was 
cooled and the contents were transferred to a 250-mi. 
separatory funnel with several portions of water 
and trichloroethylene. The mixture was extracted 
with four 20-ml. portions of trichloroethylene, and 
the extracts were diluted to 110 ml. and analyzed 
as described under Procedure I. 

Procedure III. Dioxane-Trichloroacetic Acid 
Hydrolysis (5).—Reagents——Dioxane, dried over 
KOH and then refluxed and distilled over sodium. 
Trichloroacetic acid, Reagent Grade. A powdered 
sample, equivalent to 5-6 mg. of free estrogens, was 
mixed with 25 ml. of dioxane in a 125-ml. glass- 
stoppered Erlenmeyer flask. Two and one-half 
grams of trichloroacetic acid was added with mix- 
ing. The mixture was heated for ten minutes in a 
boiling water bath. The flask was cooled and the 
contents were washed into a 125-ml. separatory 
funnel with 70 ml. of water. The solution was ex- 
tracted with four 20-ml. portions of trichloro- 
ethylene and the extracts were diluted to 110 ml. 

Procedure IV. Dicyclohexylamine Extraction 
(8).—Reagent.—Crystalline dicyclohexylamine ace- 
tate. 50 Gm. of dicyclohexylamine, practical grade, 
was dissolved in 150 ml. of acetone. The solution 
was cooled in an ice bath, and 18 ml. of glacial acetic 
acid dissolved in 150 ml. of acetone was added with 
stirring. The mixture was heated to boiling, to 
dissolve most of the precipitate, and then cooled in 
anice bath. The crystalline precipitate was filtered 
on a Biichner funnel, washed with a small amount 
of acetone, and air dried. 

A powdered sample, equivalent to 5—6 mg. of free 
estrogens, was transferred to a 125-ml. separatory 
funnel with about 20 ml. H,O. The mixture was 
extracted with four successive 20-ml. portions of a 
1% solution of dicyclohexylamine acetate in tri- 
chloroethylene. The trichloroethylene extracts 
were combined in a 110-ml. volumetric flask, diluted 
to volume with trichloroethylene, and filtered 
through paper. One-milliliter aliquots were 
evaporated for analysis in the iron-Kober reaction. 

Procedure V. Alkaline Hydrolysis.— Reagents.— 
Pyridine, moisture-free; acetic anhydride, c. p.; 
ethanol, U. S. P. grade; sodium carbonate solution, 
10% w/v. A 50-ml. aliquot of the filtered extract 
obtained in Procedure 1V was evaporated to dry- 
ness under a current of air. The dry residue was 
mixed with 5 ml. of pyridine and 0.5 ml. of acetic 
anhydride, the beaker was covered with a watch 
glass, and the mixture was heated on the steam bath 
for twenty minutes. The solution was then evapo- 
rated to dryness, the residue was moistened with 
alcohol and it was again evaporated to dryness. 
The residue was dissolved in 10 ml. of hot alcohol, 
and the solution was mixed with 5 ml. of 10% so- 
dium carbonate solution and heated carefully to 
simmering for thirty minutes. The cooled mixture 
was washed into a separator with 20 ml. of 10% 
sodium hydroxide solution, and 50 ml. of Skelly- 
solve® C and the analysis was completed according 
to the directions cited above.” 
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DISCUSSION 


Five commercial samples of conjugated estrogen 
powders were subjected to alcohol-acid hydrolysis, 
to aqueous acid hydrolysis, and to dicyclohexylamine 
extraction. The sets of trichloroethylene extracts 
obtained were analyzed colorimetrically for “‘cor- 
rected Kober chromogens.’’ Analytical data, listed 
in Table I, indicate that the hydrolyzed substances 
recovered in the alcohol-acid hydrolysate were 
equivalent in the Kober test with the conjugates 
extracted with dicyclohexylamine, whereas the yields 
of chromogens after aqueous-acid hydrolysis were 
3-8% lower. 


TaBLe I.—CoRRECTED KOBER CHROMOGENS IN 
ESTROGENIC POWDERS 


Alcohol- Aq Dicyclo- 
Acid Acid hexylamine 


Potency* 
16.2 14.8 13.9 15.2 
18.9 18.0 17.5 18.0 
18.0 17.6 16.1 17.3 
14.0 13.8 13.9 


7.6 7.0 6.6 7.2 


* Mg. of estrogens, as estrone, per gram of powder. 


The dicyclohexylamine extracts were trans- 
esterified in pyridine—acetic anhydride, and hydro- 
lyzed with alkali. Alkaline and acid hydrolysates 
were then analyzed differentially. The data in 
Table II show that the sums of the estrogens re- 
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covered after alcohol-acid hydrolysis were signifi- 
cantly higher than those recovered after aqueous- 
acid hydrolysis (83-16%). Notable differences oc- 
curred in the equilin and diol fractions. Transdi- 
hydroequilin is unstable in aqueous acid solution, 
and has never been found in acid hydrolysates of 
equine pregnancy urine. Detailed analysis (13) of a 
diol fraction obtained after alcohol-acid hydrolysis 
showed it to contain 30% by weight of transdi- 
hydroequilin. 

Total ketosteroids obtained by alkaline cleavage 
agreed within 4% with the values for alcoholic acid 
hydrolysis (Table II). Alkaline hydrolysis there- 
fore may be used as an independent check for evalu- 
ating the ketosteroid fraction. But it cannot be 
employed for the complete characterization of 
conjugated estrogens, since part of the diol fraction 
remains water soluble after transesterification and 
cleavage of the acetates with sodium carbonate. 
It has been shown that phenolic sulfates are quanti- 
tatively split by such treatment, and it is inferred 
that the 17-hydroxy group of the diols is also esteri- 
fied to some extent, and that the conjugate resists 
transesterification. 

Table III comprises a comparison of the keto- 
steroids recovered after the aqueous-acid hydrolysis 
and the alkaline hydrolysis of 20 samples of con- 
jugated estrogen powders and tablets. The sums 
obtained by the two procedures agreed within 3% 
for six samples (A, B, C, K, Q); for the other samples 
the values for alkaline hydrolysis exceeded those for 
aqueous-acid hydrolysis significantly (5-17%). 

The alcoholic acid hydrolysis procedure, followed 
by differential analysis, was employed for the assay 


TAaBLe DIFFERENTIAL ANaLysIs or EsTROGENIC POWDERS*® 


Estrone——~ —— Equilin-—~ 
Il I I Vv 


10.8 10.5 
13.3 18.3 12.7 
12.8 12.1 12.8 
10.0 8.2 9.6 
4.6 4.5 


I 
10.9 


-—Equilenin—. ——Ketosteroids-—. 
I II Vv II Vv 


.6 
4 
3 


-—Diols— Total Estrogens 
I Il I Il 


13.6 2.1 1.7 16.2 15.6 
16.4 15.8 2.4 1.9 18.9 17.7 
15.2 14.4 14.9 2.3 2.0 17.5 16.4 
12.9 10.8 12.6... 

6828.2. 


14.1 
16.5 


13.9 


* All data are reported as mg. per gram of powder. 


TABLE III.—KeETOSTEROIDS IN AQuEOuUsS-AcID (II) AND ALKALINE (V) HYDROLYSATES 


1 


-——Estronea——. 


Tablets 


acer 


-—— Equilin—— 
I Vv 


-—-Equilenin—. Total Ketosteroids 
Il Vv 


OSH OAH 
RR WW wwe 


> 


ll data are reported as mg. per gram of powder, or per tablet. 


Sam- 
ple 
1 
2 
‘ 3 
4 
5 
q 2 2.2 2.0 2.5 1.0 1 0.6 
; 4 1.9 1.3 2.0 1.0 1 1.0 
5 3. | Gere ity 
fi 
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0.66 
0.93 
0 56 
0 79 
0.89 
1.32 
0.67 


1.25 


Sulfate— 


3 


Chromogens as 
Sodium Estrogen 


Corr 
0.60 
0.49 
0.69 
1.15 
1.0 
0.56 
1.12 


0.75 


0. 
1.12 


I 
0). 4 
0.73 
1.14 

.23 
0.62 
1.30 


Total Estrogens 


0.07 


0.15 


I 
0.06 
0.14 
7 
0.14 
0.08 
0.11 
0.25 
0.11 
0.07 
0.15 


Dicls 
0.0 


0.07 


0.15 


0.06 
0.01 
0.02 
0.04 
0.14 
0.04 


0.06 
0.01 
0.06 
0.02 
0.04 
0.04 
0.21 
0.07 
0.19 


Ill 
0.04 
0.06 


0.04 
0.18 
0.20 
0.17 
0.06 


TaBLe 1V.—Assays OF CONJUGATED ESTROGEN TABLETS 


I 
0.04 
0.17 
0.11 
0.5 
0.14 
0.14 
0.10 


* Mg. conjugated estrogens per tablet expressed as sodium estrone sulfate 
+ Mg. of estrogens found, converted to conjugate form, per tablet. 


— 


Ill 


Estrone— 


potency 


of 10 samples of conjugated estrogen tablets. All 
of the samples were also analyzed colorimetrically 
after extraction with dicyclohexylamine, and two 
samples were subjected to hydrolysis in dioxane- 
trichloroacetic acid (Table IV). The latter method 
yielded lower recoveries than those achieved with 
alcohol-acid hydrolysis. The values calculated for 
the sums of the conjugated estrogens obtained after 
alcohol-acid hydrolysis did not show consistent 
agreement with either the corrected or uncorrected 
chromogen values for the dicyclohexylamine ex- 
tracts. In three cases they occurred at or below 
the corrected value; in three cases they occurred at 
or above the uncorrected value. It is obvious that 
the general colorimetric estimations used here, and 
by Gaunt’s collaborators (2), depend upon a variety 
of factors, each of which may introduce indetermi- 
nate errors. These indeterminate errors are aggra- 
vated in the presence of tablet excipients. 

It is concluded that the most reliable method for 
the assay of conjugated estrogens is the alcoholic 
acid hydrolysis, followed by differential analysis. 


SUMMARY 


1. A method has been proposed for the 
cleavage of equine estrogen sulfates in acidified 
alcoholic media. This procedure has been shown 
to be the most reliable method for the hydrolysis 
of conjugated estrogens in pharmaceutical prepa- 
rations. 

2. A method has been proposed for the chemi- 
cal cleavage of conjugated estrogens without 
the use of acid media. Estrogen sulfates were 
converted to acetates by the action of acetic 
anhydride in hot pyridine, and the acetates were 
hydrolyzed with sodium carbonate. Recoveries 
of liberated estrogens proved the method re- 
liable for the assay of conjugated estrogenic 
ketosteroids. 

3. Results obtained by the acidified alcoholic 
hydrolysis of conjugated estrogens were 3-16% 
higher than those obtained with an acidified 
aqueous system or dioxane-trichloroacetic acid. 


REFERENCES 


(1) Schachter, B., and Marrian, G. F., J. Biol. Chem., 
126, 663(1938) 

(2) Gaunt, W. E., Tats Journat, 42, 174(1953). 

(3) Cohen, H., and Bates, R. W., Endocrinology, 44, 317 
(1949). 

(4) Grant, G. A., and Beall, D., “Recent Progress in 
Hormone Research,”’ Vol. 5, Academic Press Inc., New York, 
1950, pp. 307-327. 

(5) Cohen, S. L., and Oneson, I. B., J. Biol. Chem., 204, 
245(1953). 

(6) Butenandt, A., and Hofstetter, H., Z. Physiol. Chem., 
259, 222(1939). 

(7) Van Bruggen, J. T., J. Lab. Clin. Med., 33, 207 
(1950). 

(8) Beall, D., and Grant, G. A., Chem. in Canada, 2, 
129(1950). 

(9) Bachman, C. F., and Pettit, D. S., J. Biol. Chem., 


138, 689(1941). 
(10) Haenni, E. O., Turs 544(1950). 
(11) Carol, J., and ‘Rotondaro, F. ibid., 35, 176(1946). 


(12) Banes, D., ibid., 39, 37.1056), 
Haenni, Carol, J., and Banes, D., ibid., 42, 167 
(1953). 


730 

| 

} 
| | 
> 
F 
|} 
i} 
| 
| 
| | 
1] 
| 
1} 
] 
A 
| 
— 
| 
| Sc di 
: 
| 

q 

| 

= 
| 
| 
| 
| 7 
ANGDAAANASA 
| 
Ay 
| 
nig 


Production Control of Polyelectrolyte Parenterals 
with a Flame Photometer” 


By HAROLD HERSHENSON and DONALD F. SMITH 


The polyelectrolyte solutions which find wide application in parenteral therapy are 


composed of alkali and alkaline earth salts. 
to be suitable for the analysis of such solutions. 


The flame photometer has been found 
Using a minimum number: of stand- 


ard solutions, control analysis of several different polyelectrolyte parenterals can be 

performed if the interferences are investigated and eliminated. The method of 

assay, the types of interferences encountered, and the means used for their elimina- 
tion are described. 


veo SOLUTIONS containing different mix- 
tures of alkali and alkaline earth salts are now 
widely used in the treatment of electrolyte or 
fluid imbalance in hospitalized patients. Control 
analysis of such solutions during commercial 
production is slow, tedious, and costly using clas- 
sical methods. As shown by Lundgren (1) and 
Goldstein (2), the flame photometer provides a 
more suitable method for analyzing polyelec- 
trolyte solutions. This laboratory has extended 
the use of the flame photometer to various paren- 
teral solutions and is now routinely performing 
control analyses with this instrument. 

There is no theoretical correlation between the 
concentration of an element in solution and its 
emissivity in a flame. This relation must be 
empirically established for each assay method. 
In parenteral solutions, the nominal composition 
is known. Therefore, a control assay might be 
made by comparing the emission of the element 
in a sample to its emission in standards containing 
the element at its upper and lower control limits, 
and the other components at the same concentra- 
tion as in the sample: However, this approach 
requires a large number of standard solutions, 
some of which might be difficult to store because 
of biologic or chemical deterioration. 

We have found that in most polyelectrolyte 
parenterals, only one or two substances in the 
solution affect the emission of a particular sought 
element. This allows the preparation of simple 
standards from just a few stock solutions (Table 
I). Each determination requires a single stand- 
ard and a calibration curve relating emission to 
concentration. The standard is used to set the 
instrument to the calibration curve. The emis- 
sion of the sample being analyzed is deter- 
mined, then compared to the calibration curve to 
determine concentration. 


* Received April 30, 1955, from Don Baxter, Inc., 
dale 1, Calif. 


731 


TABLE I.—-Srock SOLUTIONS 


1000 p. p. m. sodium 
2.541 Gm. NaCl 
q. 8. 1 liter with distilled water 
10,000 p. p. m. sodium 
25.41 Gm. NaCl 
q. Ss. 1 liter with distilled water 
1000 p. p. m. potassium 
1.907 Gm. KCl 
q. s. 1 liter with distilled water 
10,000 p. p. m. potassium 
19.07 Gm. KCl 
q. s. 1 liter with distilled water 
1000 p. p. m. calcium 
2.497 Gm. CaCO, dissolved in dilute HCl, heated 
to remove CO; 
q. s. 1 liter with distilled water 
1000 p. p. m. magnesium 
1.658 Gm. MgO, dissolved in 9.7 ml. of concen- 
trated HCl in water 
q. Ss. 1 liter with distilled water 
10,000 p. p. m. lactate 
11.380 Gm. 89.0% lactic acid solution 
q. s. 1 liter with distilled water 
25% dextrose, U. S. P. 
227.5 Gm. dextrose, anhydrous 
q. Ss. 1 liter with distilled water 


EXPERIMENTAL 


Instrument.—The Beckman DU spectrophotom- 
eter with a model 9200 flame attachment for oxy- 
gen and acetylene was used for all determinations. 
It was assembled and adjusted according to the 
manufacturer’s instructions (3). During adjust- 
ment, we found that the flame made an excellent 
calibration source for the wavelength dial of the 
spectrophotometer. While aspirating sodium into 
the flame, the dial was set to a predominant wave- 
length for sodium, and the wavelength adjustment 
screw was adjusted until the maximum emissivity 
(as % transmission) was obtained. The calibra- 
tion was checked by aspirating another element into 
the flame and finding its maximum emissivity by 
rotating the wavelength dial. The wavelength 
conicided with the value for a predominant emission 
wavelength of that element given in spectrographic 
tables. 

A photomultiplier attachment was not used; 
slit widths of 0.05-0.1 mm. were sufficient for the 
alkalies and 0.1-0.2 mm. were satisfactory for the 
alkaline earths. Oxygen at 15 p. s. i. and acetylene 
at 3 p. s. i. were used. The 10,000-megohm photo- 


732 


tube resistor was used and the selector switch was 
set at the 0.1 position for maximum sensitivity. 
The sensitivity control was varied to allow the use 
of the same slit width for any particular determina- 
tion. For calcium and magnesium determinations, 
a hand lens was used to set the galvanometer. All 
readings were made in triplicate and were reproduci- 
ble to about 1%. 

Standard Solutions.—All stock solutions were pre- 
pared from dried reagent grade salts (Table I). 
The concentrations of the sodium and potassium 
stock solutions, prepared from the chloride salts, 
were verified by Mohr titrations. Calcium and 
magnesium solutions were prepared from the car- 
bonate and the oxide, respectively, and were dis- 
solved in minimum quantities of hydrochloric acid 
before dilution. The lactate stock solution was 
prepared by dilution of approximately 85% lactic 
acid, assayed for concentration by U. S. P. proce- 
dure (4). To inhibit mold growth, about 50 mg. of 
phenol was added per liter of stock solution. This 
did not affect flame emission. All solutions were 
stored in polyethylene bottles to prevent metallic 
contamination. From the few stock solutions in 
Table I, all working standards were prepared. 

Calibration.—The various polyeleetrolyte solu- 
tions to be studied were accurately prepared in the 
laboratory (Table II). Because sodium is the major 
cationic constituent in these solutions, its determina- 
tion was examined first. In most cases, it was found 
that dilution of the solution to a sodium content 


SOLUTIONS 


Ringer's solution 
8.60 Gm. NaCl 
0.300 Gm. KCl 
0.224 Gm. CaCO,, dissolved in dil. HCl, heated to 
remove CO, 
q. s. 1 liter with distilled water 
Lactated Ringer's solution 
3.000 Gm. NaCl 
2.58 Gm. NaC;H,0;, 60% solution 
0.1504 Gm. KCl 
0.0682 Gm. CaCO,, dissolved in dil. HCl, heated to 
remove CO, 
q. s. 500 ml. with distilled water 
Darrow’s solution 
1.5002 Gm. NaCl 
4.999 Gm. NaC;H;0;, 60% solution 
1.3491 Gm. KCl 
q. s. 500 ml. with distilled water 
Duodenal electrolyte solution with 10% dextrose 
2.5500 Gm. NaCl 
4.6700 Gm. NaC;H;0;, 60% solution 
0.4499 Gm. KCl . 
50.00 Gm. dextrose, anhydrous 
q. s. 500 ml. with distilled water 
Gastric electrolyte solution with 10% dextrose 
1.8501 Gm. NaCl 
1.8498 Gm. NH,Cl 
0.6507 Gm. KCl 
q. s. 500 ml. with distilled water 
Isoiyte solution 
5.0006 Gm. NaCl 
5.4006 Gm. NaC,H;0,.2H:0 
0.6930 Gm. Na;C,H,0,, dried 
0.7502 Gm, KCl 
0.2544 Gm. CaCO,, dissolved in dil. HCl, heated 
to remove CO, 
0.0613 Gm. MgO, dissolved in dil. HCI 
q. 8. 1 liter with distilled water 
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Fig. 1.—Sodium calibration curve at 589 my. 
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Fig. 2.—Some potassium calibration curves at 
768 mu. O—O—O Potassium chloride solution, 
v—vV—V potassium in Ringer’s solution, 0—O— 
© potassium in lactated Ringer’s solution, 4— 
4—A_ potassium in Darrow’s solution. 


less than 100 p. p. m. sufficiently reduced inter- 
ferences from the pther constituents to allow accur- 
ate determinations using “uncompensated” stand- 
ards (sodium chloride only). For the other ele- 
ments, a more complex procedure was necessary. 
The solution was diluted, if necessary, so that the 
concentration of the sought element was less than 
100 p. p. m. Two uncompensated standards for 
the sought element, bracketing its concentration in 
the diluted sample, were prepared. The emissions 
at the appropriate wavelength were compared. If 
the recovery was unsatisfactory, new standards, 
compensated by the addition of the most likely inter- 
ference, usually sodium, were prepared. The assay 
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95-105% recovery was obtained. This procedure 
established the nature of the interferences for the 
element and mixture of salts under investigation. 
The calibration curve was prepared by setting the 
% transmission at a fixed value when the standard 
of highest concentration, usually 100 p. p. m., of 
the sought element was aspirated into the flame. 
The other points on the curve were established by 
determining the % transmission when standards of 
lower concentrations were burned. All standards 
contained the same concentrations of the interfering 
substances. A blank value was determined using 
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TABLE III.—-SumMary oF RESULTS 
Slit Conen. in - Recovery Assay, % 
Ele- Width, Conen, Diln., Standard T 
Solution ment mm. Pp. p.m. Dilution p. p. m. Pp. p. m. Synthetic Production 
Ringer's Na 0.05 3385 2/100 67.7 100 Na 99.8 105 
K 0.15 157 15/25 94.4 100 K 103 
2030 Na 
OO Ca 0.10 90.1 None 90.1 100 Ca 102 
3380 Na 
i 10% dextrose in Na 0.05 3385 2/100 67.7 100 Na i 103 
Ringer's K 0.15 157 15/25 94.4 100 K ei 98.8 
2030 Na 
Ca 0.10 90.1 None 90.1 100 Ca 101¢ 98. 6* 
3380 Na 
5% dextrose in Ca 0.10 90.1 None 90.1 100 Ca 100* 105. 6* 
Ringer's 3380 Na 
Lactated Ringer's Na 0.05 2996 3/100 89.9 100 Na 100 101 
K 0.10 157 15/25 96.0 100 K 99.8 99.8 
1800 Na 
PY Ca 0.10 54.4 1/2 27.2 50 Ca 99.3 96.8 
1500 Na 
1200 Lactate 
: 10% dextrose in Na 0.05 2996 3/100 89.9 100 Na a 103 
3 lactated Ringer's K 0.10 157 15/25 (96.0: 100 K 98.8 
oa 1800 Na 
Ca 0.10 54.4 1/2 27.2 50Ca 98.9 99.3 
= 1500 Na 
al 1200 Lactate 
a 5% dextrose in Ca 0.10 54.4 1/2 27.2 50 Ca 100° 99.7° 
lactated Ringer's 1500 Na 
1200 Lactate 
Darrow’s Na 0.035 2412 4/100 96.5 100 Na 102 100 
60 K 
~ K 0.035 1418 4/100 56.7 100 K 101 99.2 
* 100 Na 
" Duodenal electrolyte Na 0.05 3187 3/100 95.8 100 Na 101 102 
in 10% dextrose K 0.035 472 1/5 94.4 100 K 99.8 102 
* 600 Na 
a Gastric electrolyte Na 0.05 1454 5/100 72.7 100Na 105 106 
in 10% dextrose K 0.035 682 1/10 68.2 100 K 100 99.7 
: 150 Na 
A Isolyte Na 0.05 3235 3/100 97.0 100 Na 102 102 
K 0.08 304 1/5 78.6 100K 97.0 96.7 
600 Na 
+ Ca 0.10 102 1/2 51.0 100 Ca 100 101 
1800 Na 
Mg 0.20 37.1 None 937.1 50 Mg 116 115 
3700 Na 
Isolyte in 5% Na 0.05 3235 3/100 97.0 100 Na vil 104 
dextrose K 0.035 394 1/5 78.6 100 K " 102 
600 Na 
Ca 0.10 102 1/2 51.0 100 Ca 1004 98. 8¢ 
1800 Na 
Mg 0.20 37.1 None 37.1 * 50Mg 267 
3700 Na 
“ * Corrected for dextrose enhancement by factor of 0.715. © Corrected for dextrose enhancement by factor of 0.600. 
’ > Corrected for dextrose enhancement by factor of 0.580. 4 Corrected for dextrose enhancement by factor of 0.690. 
was repeated. The other interfering substances distilled water and was subtracted from the emission 
- present were added one by one, as necessary, until value for each standard. To establish the calibra- 


tion curve, net emission values (% T) were then 
plotted against the concentrations of the sought ion. 
The results of analyses of synthetic laboratory solu- 
tions and production solutions are tabulated in 
Table III. 

One interference found was the enhancement of 
alkaline earth emissions by dextrose. Because of 
the difficulty in storing a stock dextrose solution, 
the possibility of using a compensating factor for the 
effect of dextrose was investigated. It was found 
that at dextrose concentrations greater than 3%, 
the enhancement of a 43 p. p. m. calcium solution 


1V.—Dextrose Errecr on CALCIUM 


LUMINOSITY 
Dex- 
trose Ca Ca 
Conen., Concn., Concn., % Correc 


% p. p. p. m.- 
U.S. P. Theory Found covered Factor 


Recovery of Calcium in Presence of Various Dex- 
trose Concentrations 


0.0 43.0 43.0 100 
1.0 43.0 50.0 116 
3.0 43.0 56.0 130 
5.0 43.0 58.0 135 
7.0 43.0 59.0 137 


Recovery of Calcium at Various Concentrations in 
10% Dextrose Solution 


10.0 20 21.7 109 
10.0 50 60.0 120 
10.0 100 128.0 128 
Recovery of Calcium in 10% Dextrose in Ringer's 
lution 
10.0 80 111 139 0.719 
10.0 90 127 141 0.709 
10.0 100 141 141 0.709 
Recovery of Calcium in 5% Dextrose in Ringer’s 
Solution 
5.0 80 115 144 0.694 
5.0 90 127 141 0.709 
5.0 100 137 137 0.730 


did not vary greatly with changes in dextrose con- 
centration (Table IV). Also, variation in calcium 
concentration did not greatly affect the extent of 
enhancement by dextrose. Further, in the presence 
of other enhancing interferences, like sodium, the 
enhancement by dextrose was almost constant. In 
the solutions investigated, correction factors for the 
influence of dextrose on calcium emission were de- 
termined and found to be satisfactory. 

Of interest is the fact that the correction factor 
(0.715) for the dextrose enhancement of calcium 
emission was the same for 5% and 10% dextrose in 
Ringer’s solution. This is probably due to the pre- 
dominant enhancement of calcium light by the 
sodium which buffers the effect of the dextrose. 

In contrast, good recovery for calcium in lactated 
Ringer’s solution required different factors for 5% 
and 10% dextrose concentrations (0.600 and 0.580, 
respectively). This may be due to the fact that a 
1:1 dilution is used for calcium in lactated Ringer’s 
solution. This puts the dextrose concentration into 
a lower concentration range where a given difference 
in dextrose concentration causes a greater effect on 
calcium emission. More probably, however, the 
depressant effect of lactate partially offsets the 
sodium enhancement so that the sodium enhance- 
ment is no longer as dominant. This may allow the 
difference in dextrose concentrations to be more di- 
rectly reflected in the calcium recovery. 

Determination.—The solution to be analyzed was 
diluted to the proper concentration. The instru- 
ment was set, except for sensitivity, as it was during 
calibration. The standard, prepared by mixing 
and diluting proper aliquots of stock solution, was 
burned and the transmission knob set to the cali- 
bration curve value for the standard. The sensi- 
tivity was adjusted to zero on the galvanometer. The 
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sample was then aspirated into the flame, and the 
emission read as % transmission. To compensate 
for flame background, the emission of a distilled 
water blank was determined. The entire proce jure 
was repeated twice. Due to variations in the blank 
emission, the standard did not always fall on the 
calibration curve. Therefore, the following correc- 
tion was used. 


T= 
(T Ts) (T, — Ts) 
T, = Emission as % T of standard on curve. 
Ty = emission of the blank. 
T = observed emission of sample. 
T. = corrected emission of sample. 


The concentration was then read from the calibra- 
tion curve, using this corrected sample emission. 


DISCUSSION 


From the results of this investigation, some gen- 
eral conclusions concerning flame photometry in this 
application may be made. 

Alkali Metal Determination.—(a) Sodium and 
potassium mutually enhance their luminosities. 
However, it was found that enhancement of sodium 
luminosity by potassium is negligible for Na/K 
concentration ratio greater than 3. Thus, for most 
of the solutions investigated this allowed the use of 
pure sodium chloride standards for the sodium de- 
termination. An indication of the enhancement of 
sodium by potassium may be seen in Table III for 
gastric electrolyte solution. The assay for sodium 
was made using a simple sodium chloride standard 
and curve. Actually, the ratio of Na/K is 2.1 and, 
as seen from the recovery, the potassium has en- 
hanced the luminosity about 5%. This assay could 
be improved by using a standard containing 45 
p. p. m. of potassium to compensate for this en- 
hancement. (+b) Ammonium, lactate, acetate, and 
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Fig. 3.—Calcium calibration curves at 554 mu. 
Calcium chloride solution, cal- 
cium in Ringer’s solution, O—O—0O calcium in 
lactated Ringer’s solution, A—A—A calcium in 
Isolyte solution. 
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Fig. 4.—-Magnesium calibration curves at 371 mu. 
O—O-—O Magnesium chloride solution, O—O—0 
magnesium in Isolyte solution. 


citrate ions did not affect the alkali luminosities at 
the concentrations used. (c) Concentrations up to 
6% w/v of hydrous dextrose did not affect alkali 
luminosity at the 100 p. p. m. level. (d) Minor 
variations in the concentration of the substances 
added to standards to compensate for interferences 
do not greatly affect the results. For example, the 
potassium standard for gastric electrolyte solution 
was used for Isolyte with good result despite the 
fact that the Na/K ratio is 6.8 for the first and 8.2 
for the latter. 

Alkaline Earth Determinations.—(a) Contrary 
to the alkalies which gave curves in the 0-100 
p. p. m. range, the alkaline earths gave straight line 
relations between luminosity and concentration. 
(6b) Because of lower flame intensities, larger slit 
widths were necessary with the alkaline earths than 
with the alkalies. This increased the background 
to metal emission ratio, and the alkaline earth de- 
terminations were less satisfactory than the alkali 
determinations. (c) Calcium can be determined 
accurately. The weakness of the magnesium emis- 
sion, coupled with the low concentration of mag- 
nesium and high concentration of interfering sub- 
stances, made the magnesium assay unsatisfactory 
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as a quantitative procedure for these solutions. (d) 
With sodium as the major constituent, enhancement 
of alkaline earth luminosities by both sodium and 
potassium can be compensated by using standards 
containing only sodium at a concentration equal to 
the sum of the sodium and potassium concentrations 
in the sample. (¢) At the concentrations investi- 
gated, a 28:1 ratio of acetate/calcium and a 5:1 
ratio of citrate/calcium do not affect calcium lumi- 
nosity. (f) Lactate significantly depresses calcium 
luminosity. It was found that 2,790 p. p. m. of 
lactate ion suppressed the emission of 50 p. p. m. 
calcium 14%. Use of the proper proportion of lac- 
tate in the standards corrected the assay for cai- 
cium. (g) Dextrose greatly enhances alkaline earth 
emission. A mathematical correction factor is satis- 
factory for the routine analysis of calcium in solu- 
tions containing dextrose. Possibly, such a factor 
could be used for magnesium determinations. 
However, this was not investigated since the mag- 
nesium determination is not generally satisfactory 
as a quantitative procedure. 


SUMMARY 


Production control of polyelectrolyte paren- 
terals can be performed economically and 
accurately with the flame photometer. Quanti- 
tive determinations of sodium, potassium, and 
calcium can be made in a variety of such solutions 
using only a few stock salt solutions, provided in- 
terferences are properly investigated. Semiquan- 
titative or qualitative magnesium determinations 
may be made with the procedures and equipment 
described. Mathematical factors correcting cal- 
cium assays for dextrose enhancement were estab- 
lished and obviated the need to store dextrose 
solutions. Certain general conclusions allowing 
prediction of radiation interferences are given and 
the method used to investigate interferences is 
outlined. 
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Influence of Certain Chemicals on the Growth and 
Alkaloid Formation of Claviceps purpurea 
(Fries) Tulasne in Artificial Culture* 


By GUNNAR GJERSTAD{ and EGIL RAMSTAD 


A report is presented on the effect of physical 

factors and of several chemical compounds 

incorporated into synthetic media to test 

hy ses on the biogenesis of lysergic acid 
in Claviceps purpurea. 


HE OCCURRENCE of ergot in cereal crops has 

diminished rather sharply during the last 
decades as a result of improvements in agricul- 
tural practices that have taken place throughout 
the world. Cultivation of the drug on rye has 
been discouraged in this country because of the 
health hazard associated with a possible spread- 
ing of the fungus to other fields. A noticeable 
scarcity of ergot at present is partly due to the 
unavailability of ergot from Eastern Europe, 
from which area most of the drug was obtained 
in the past. As a result of these conditions and 
because ergot alkaloids are given wider applica- 
tion in therapy, the price of the alkaloids has 
risen significantly. The wholesale price of one 
pound of ergotamine at present is $30,000. 

For the above reasons many attempts have 
been made to cultivate the mold, Claviceps 
purpurea (Fries) Tulasne on synthetic media 
under laboratory conditions (1-19). Three of 
these workers (6, 7, 10) claim to have detected 
more than mere traces of alkaloids in their 
cultures. Later researchers have been unable to 
verify or duplicate the reported production of 
alkaloids by the mold under laboratory con- 
ditions (15). 

The reasons for the failure of the mold to 
produce alkaloids when grown in vitro may be 
various. One possible reason is that the mold 
maj not be able, under laboratory conditions, 
to form a precursor necessary for the alkaloid 
formation, or that the mold, when growing on 
living rye, receives from the host a precursor 
which is converted to alkaloid. The present 
investigations were undertaken to test this 
possibility by growing the mold on rye extracts 
and by introduction of a series of precursors into 
the media. 

The present investigation was based on the 
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following working hypothesis: Alkaloids are 
mostly the results of some slight malfunction of 
a given biochemical reaction to give an abnormal 
reaction product which cannot be metabolized 
further by the normal biochemical systems of 
the plant. These initial abnormal products may 
or may not have a deleterious effect upon the 
plant, but possess the ability to react with other 
chemical entities in the cell, either spontaneously 
or by the intermediation of pre-existing enzymes 
of low specificity. The accidental precursor 
might react with more than one compound, or 
the resulting primary alkaloids might be modified 
by secondary reactions. In this way, several 
alkaloids of the same basic structure might 
result. 

While in an autotrophous plant the precursors 
of the alkaloids are necessarily a product of the 
plant itself, this does not need to be so in the 
case of parasitic plants. The precursors of ergot 
alkaloids might originate either in the host plant 
or in the fungus itself. Whatever the source, the 
precursor would then be converted to the true 
ergot alkaloid by the mold. 

The common and integral part of all of the 12 
known ergot alkaloids is lysergic acid. This 
moiety is coupled in amide linkage to amines or 
amino acids, thereby giving rise to a series of 
different compounds. Structurally, the more 
prominent features of the lysergic acid molecule 
is that of the indole nucleus. With indole deriva- 
tives commonly occurring in plants in mind, we 
considered the following four basic schemes for a 
possible biogenesis of the ergot alkaloids: 
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Indole-3-acetic acid Indole-3-methanal 
+ Cy-amino acid and + nicotinic acid 
C,-compound or derivatives 


Indole has been tested by Sim and Youngken 
(17) for its ability to induce alkaloid formation 
in submerged cultures of ergot. Tyler and 
Schwarting (20) concluded from their experiments 
that indole is converted in Claviceps to tryptophan 
similar to that which happens in Neurospora. 

The addition of other ‘‘precursors”’ for possible 
production of alkaloids by ergot has not been 
reported in the literature. 

Depending upon which of the indole deriva- 
tives was used, it was logical to vary the type of 
compounds which would constitute the other 
moiety of the lysergic acid. It seemed advisable 
to introduce both common and uncommon com- 
pounds which might fit into the structure. The 
following ones were tested: 


Together Together with 
with Tryptamine 
Indole- and with Together 
aldehyde or Indoleacetic with 
Gramine Acid Tryptophan 
Nicotinic F Same as with 
acid Citric acid tryptamine 


Nicotinamide Aconitic acid 


Arecoline Citraconic acid 

Arecaidine Itaconic acid 

Trigonelline Glutamic acid 

Guvacine Furan-3-carboxylic 
acid 


Gramine is present in barley (21) and the 
corresponding aldehyde, indole-3-aldehyde, is 
normally present in small quantities in plants as 
the deactivation product of auxin (22). Indole- 
3-acetic acid, the growth hormone, although less 
likely as a precursor of lysergic acid, since its 
flow in plants is strictly geotropic, might be 
derived from rye. Tryptamine, the decarboxy- 
lation product of tryptophan, could form from 
the latter. Other amines like tyramine, and 
histamine, form readily in ergot, probably 
by decarboxylation of the corresponding amino 
acids. Decarboxylase activity of the mold 
seems to be rather strong. 


Screntiric Eprr1on 


EXPERIMENTAL 


Cultivation of the Mold.—Conventional tech- 
niques were used for surface and submerged cul- 
tures. Shaking was employed in none of the experi- 
ments reported in this paper, since Sim and Young- 
ken (17) reported that such a procedure decreased 
alkaloid formation. Figures of yields as reported in 
Table I represent the average of 7 cultures. The 
synthetic substrates were sterilized at 120° for 
twenty minutes. In experiments with extracts of 
rye, the media were sterilized by ultrafiltration. 
The pH was adjusted to 5.6 + 0.2 by means of am- 
monia (9). Temperature: 23° + 2°. Period of 
growth: thirty days, except in the studies of the 
effect of prolonged growth time, or if otherwise in- 
dicated. 

Stock cultures.—Through the courtesy of Dr. 
Shahovskoy, Eli Lilly & Co., Indianapolis, rye ergot 
from a high-yielding strain was placed at our dis- 
posal. Slices of the sclerotium were transferred 
aseptically to a slightly modified Kirchhoff’s agar 
medium (5). The fungus sporulated abundantly on 
this medium, but grew slowly. Stock cultures could 
be kept viable for several months in the refrigerator 
on this medium. 

Analytical.—At the end of the growth period the 
fungus was filtered off and dried below 40° to con- 
stant weight. The dried mold was then extrated 
by the methods of the Danish Pharmacopoeia (23 and 
of Fuchs and Himmelbauer (24). Both the mold 
extract and the culture medium were subjected to 
the following tests for alkaloids: (a) van Urk's test 
(25) and (6) paper chromatography (descending; 
paper: Whatman No. 1; mobile phase: upper 
layer of an equilibrated mixture of n-butanol, con- 
centrated acetic acid, and water, 4 + 1 + 5, by 
volume). Detection: inspection of sheets in ultra- 
violet light, in which lysergic acid and the ergot 
alkaloids fluoresce blue. 

Media.—From the statistical evaluation of a 
series of different substrates, the following one sup- 
ported growth most favorably and was used as the 
basic medium unless otherwise indicated: 


Magnesium sulfate ............. 1.0 Gm. 
Potassium phosphate. . 2.0 Gm. 
Peptone “‘Difco”’ . 6.0 Gm. 
Purified maltose .50.0 Gm. 
.10.0 Gm. 
Yeast extract “Standard”... . 5.0 Gm. 
Asparagin..... .. 0.38 Gm. 
Trigonelline' .. 0.38 Gm, 
..25 yg. 

1.0L. 


1 Showed growth-stimulating effect. 


Materials tested and results.—Table I lists the 
indole derivatives and other compounds which were 
tested in the attempt to induce alkaloid formation 
in the mold. Information on appearance of the 
cultures, pH changes of the media, yield of hyphae, 
and other data are included. 

Additional experiments were carried out with 
both surface and submerged cultures, in which a 
variety of amino acids was included, particularly 
tryptophan, glutamic acid, proline, valine, leucine, 
phenylalanine, alphe-alanine, and histidine. These 
compounds all occur in the rye protein gliadin. 
Furthermore, experiments were made with adenine, 
a growth factor for most fungi (29), chelidonic acid, 
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TABLE |.—INFLUENCE OF SUPPLEMENTARY FEEDINGS ON THE GROWTH OF 


Claviceps purpurea 


Vol. XLIV, No. 12 


Combinations and 
Concentrations of 
Compounds Added to the 
Basic Medium 
. Indolyl-3-methanal* 

1/10,000 
. Gramine’ 1/50,000 
Arecoline 1.6/10,000 
3. Indolyl-3-methanol 
1/100,000 
Trigonelline 1/5,000 
. Crude ergot alkaloids 
residue 1/10,000 


. Gramine 1/10,000 
Trigonelline 1/5,000 
. Tryptophan 2/10,000 
Trigonelline 6/1,000 in 
rye extract® 
. Indole-3-acetic acid 
1/5,000 
Arecoline HCl 
15/10,000 
. Gramine 1/7,500 
Nicotinic acid 6/10,000 
. Indole-3-aldehyde 
1/10,000 
Trigonelline 2/10,000 
. Tryptamine 6/10,000 
Citric acid 4/10,000 
. Tryptamine 3/10,000 
Glutamic acid 3/10,000 


. Tryptophan 4/10,000 
Acetic acid 1/15,000 
Formic acid 1/20,000 


3. Lysergic acid 1/25,000 


. Trace elements* 


5. Basic medium without 
trace elements 

3. Crude alkaloidal resi- 
due 2/1000° 


. Tryptophan 4/10,000 
Glutamic acid 3/10,000 
Itaconic acid 25/- 

100,000 
Citric acid 4/10,000 
. Gramine 1/10,000 
Nicotinic acid 4/- 
10,000 
Guvacine 4/10,000 
Arecoline HC1 2/10,000 
. Indole acetic acid 
1/2,000 


. Tryptamine 3/10,000 
CoCh 
ZnSO,, each 1/100,000 


Macro 
Pellicle, and sub- 
merged hyphae 
Dark submerged 
pellicle 
White pellicle 


Aerophilic pellicle, 
polymorphous 


Pellicle, polymor- 
phous 
Thick pellicle 


Submerged  clus- 


ters 


Cloudy, sub- 
merged clusters 
Aerophilic pellicle 


Submerged 
ters 
Grayish pellicle 


clus- 


Marked polymor- 
phism. Yellow- 
ish pellicle 


Submerged hy- 
phae 


Water repellent 
white pellicle. 
Prevalent poly- 
morphism, oc- 
casional blue 
spots 

Pellicle 


Polymorphous, 
grayish sub- 
merged clusters 


Pellicle marbleized 
on underside 


White pellicle 
with bluish 
spots 


Tough, submerged 
clusters 


Submerged yellow 
clusters 


—Appearance of Cultures. 


Micro 
Septated hy- 
phae 
Conidia 


Large conidia, 
also hyphae 


Some conidio- 
spores. Hy- 
phae 

Only conidia 

Scanty in co- 

nidia 


Scanty in 
nidia 


co- 


Hyphae only 


Seanty in 
nidia 


co- 


Multiseptated 
hyphae 
Lysed tissue 


In 5 samples: 
conidia. In 3 
samples: Sep- 
tated hyphae 
only 

Relatively big, 
but few co- 
nidia 


Septated hy- 
phae 


Abundance of 
conidia 

2 samples 
abounding in 
conidia 


Conidia 


Abundant poly- 
morphous 
conidia 


Polymorphic 
conidia and 
septated hy- 
phae 

Polymorphic. 
Scanty in co- 
nidia 


5. 


5 


5. 


7 
6 
0 


5.2 


5.4 


6. 


7 


349 
568 
569 


Growth period : 52 
days 

Growth period: 24 
days 


Growth period: 17 
days 

Growth period: 70 
days. Lipids in 
hyphae: 1.6% 

Lipids in hyphae: 
2.9% 


30 ml. of substrate. 
Growth period: 
20 days. Lyser- 
gic acid in me- 
dium after 
growth 

Lipids in hyphae: 
3.2% 


Lipids in hyphae: 
3.5% 

Blue color formed 
in filtrate with 
van Urk’s re- 
agent; 20% 
stronger than in 
blank medium 

Lipids in hyphae: 
1.5% 


Lipids in hyphae: 
43% 


Lipids in hyphae: 
2.9% 


ol 
pH of Media Hyphae, 
Initial Final mg. Remarks 

6 5.8 5.1 715 
7 A 3. 
| 

6.3 4.8 328 

6.4 7.5 217 
* 
} 
6.0 6.0 262 
6.3 6.1 255 
17 7.0 7.5 572 7" 
= 
| 
Nee 
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Combinations and 


ScieNTIFIC EDITION 


Concentrations of 
Compounds Added to the Appearance of Cultures——-———-. H of Media phae, 
Basic Medium Macro Micro nitial Final mg. Remarks 


Alanine 2/10,000 

21. Tryptamine HCl 

3/10,000 ters 
Citraconic anhydride 


22. Histamine 1/5,000 Pellicle 


23. Tyramine 3/10,000 
yellow areas 


Submerged clus- Lysed hyphae 5.6 7.6 295 Growth period: 60 


days 
Lipids in hyphae: 
6.2 


Conidia 5.6 6.1 363 Growth period: 16 


days 
Lipids in hyphae: 


4.9% 
White pellicle with Abundance of 5.7 6.5 506 Growth period: 35 
circular co- days 


nidia 


24. Tryptophan 4/10,000 Brownish, sub- 


Furoic acid 2/10,000 


Seanty in co- 5.8 6.5 222 Growth period: 66 
merged hyphae nidia days 


Lipids in hyphae: 
5.3% 
268 Lipids in hyphae: 


25. Indole-3-acetic acid Folded pellicle One- and two- 5.9 7.3 
4/10,000 celled conidia 2.6% 
Guvacine HCl 
Niacin 
Arecoline HC! each 
1/1,000 
26. Diethylaminoethy!- Submerged Conidia 5.9 6.8 171 Growth period: 45 
1,2,3,4-tetrahydro-6- pellicle days 
carbazoyl carboxy- Lipids in hyphae: 
late HC13.5/10,100/ 18% 
27. All above precursors Aerophilic pellicle Scanty in co- 5.6 6.9 346 
combined nidia 
28. Adenylic acid 1/1,000 Submerged poly- Constricted, 5.6 6.9 129  Brownish-red me- 
morphic  clus- septated hy- dium 


ters phae only 


29. Gluthathione 3/10,000 Submerged hy- 
Cysteine 2.4/10,000 phae 


No conidia 5.5 


Samples were 10 
ml. each 


bo 
to 
S 


_@ Synthesized by Reimer-Tiemann type reaction (27) from indole m. p. 191-193°. ae; 


» Synthesized from indole, formaldehyde, and dimethylamine (28), m. p. 128-133°. 

¢ Fresh flowering heads of rye (var. Balbo Tennessee) were stabilized according to Bourquelot's procedure and macerated 
for 24 hours with ethanol (70%). The extract was concentrated under reduced pressure below 30°. One part of extract was 
equivalent to 2.78 parts of rye flower. This extract alone did not support growth of Claviceps. 

@ Per liter: FeSO«. (NHa)2SO« 100 mg., 500 mg., ZnSO, 20 mg., CaO 50 mg., CoCl 10 mg., 20 mg., CuSO« 5 


mg 
« “Crude residue of ergot after the water-soluble alkaloids had been removed.’ Obtained through courtesy of Burroughs 


Wellcome & Company. 


/ Murphy, H. W., and Jenkins, G. L. (26). This compound was obtained from the authors, who found this chemical the 


which is growth-inhibitory for many fungi (30), 
aqueous and alcoholic extracts of rye and rye 
flowers, and extracts of ergot. Although uteronic 
activity was evident in extracts of the mold, in no 
experiment could the presence of true ergot alkaloid 
be demonstrated by color reactions or chromato- 
graphic tests. A reddish, occasionally greenish 
tinge was obtained in the hyphae with van Urk’s 
reagent. This reaction has been interpreted as a 
proof of the presence of alkaloids by previous in- 
vestigators, but we found it to be caused by other 
derivatives than true ergot alkaloids. 


DISCUSSION 


We could not induce Claviceps purpurea to pro™ 
duce alkaloids by cultivation on artificial substrates. 
We found that the mold does grow, although some- 
what scantily, on a medium containing ammonium 
salts and sucrose, and therefore, must be able to 
synthesize all the material and vitamins needed for 
growth. The synthetic ability of Claviceps, there- 
fore, seems to be outstanding. In our experiments 
we have used substrates of great complexity con- 
taining a variety of amino acids, sugars, vitamins, 


most promising of a series of synthetic lysergic acid substitutes. 


inorganic salts, trace elements, extracts of yeast, 
and peptone. To such complex substrates we have 
added all of the “precursors” listed in Table I. 
Although the mold may grow profusely after ac- 
climatization to the added chemicals, on harvesting, 
no alkaloids could be detected in the broth or in the 
mycelium. When conidiospores were taken from 
these cultures and inoculated on rye flowers, normal 
ergot sclerotia developed, which invariably produced 
alkaloids. Berman and Youngken (31) have culti- 
vated the mold on rye flower extracts, and we have 
done the same. Curiously, the extracts did not 
support growth unless nitrogenous sources and car- 
bohydrates were added. Mold grown on these 
modified rye extract media did not produce alkaloid 
any more than did mold grown on other media. 
The idea, therefore, that rye should furnish pre- 
cursors necessary for alkaloid formation could not 
be substantiated. It is possible, of course, that even 
mild extraction procedures, which avoided heat, 
oxygen, and enzyme action as much as possible, 
still might have caused secondary transformation of 
eventual precursors. It is not an infrequent ob- 
servation made during plant analyses, that such 
transformations really do occur. 
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Barley, perhaps also related grasses, contains 
gramine in concentrations which, if this compound 
did serve as a precursor of the alkaloids of ergot, 
would give rise to an amount of alkaloids of the order 
found in ergot. Hecht and Hecht (32) have tested 
ergot from a great variety of grasses and found that 
the ergot from these varied sources all contain about 
the same concentration of alkaloids. In view of 
this fact, it would seem likely that the alkaloid for- 
mation is rather independent of the metabolism of 
the host plant. 

It might also be that the physical conditions in 
vitro are not conducive to alkaloid formation. For 
instance, it has been reported that the fungus metab- 
olizes the alkaloids if they are added to artificial 
cultures of the mold (15). A complete destruction 
of the alkaloids, however, does not result. By 
addition of crude ergot alkaloid fractions to some of 
our cultures, the alkaloid reaction was as strong after 
thirty days of growth of the mold as it was in a con- 
trol. 

We shall discuss in another publication (33) the 
question whether all of the stages of the life cycle 
of Claviceps are capable of alkaloid formation. 
Certain evidence supports the view that the my- 
celial state and the conidia do not produce alkaloids 
even when developing on rye, while, on the other 
hand, normal sclerotial tissue developed on rye, 
always seems to form alkaloid. Could it be that 
only true sclerotial tissue is capable of alkaloid syn- 
thesis? 

After the completion of the experimental part of 
this investigation in the summer of 1953, two pub- 
lications have appeared, proposing similar hypoth- 
eses on the biosynthesis of lysergic acid as those 
which we have tested in this work, but the theorizing 
was not followed up by experimentation [Experi- 
entia, 9, 457(1953]. Van Tamelen thinks that 5- 
oxotryptophan and a dihydropyridine derivative 
serve as precursors for lysergic acid. 

Harley-Mason [Chem. Ind. No. 9, p 251, February, 
27, 1954] proposes a modification of van Tamelen's 
hypothesis. He favors a concept of biogenesis along 
the lines of ours, which involves 5-hydroxytrypta- 
mine, acetonedicarboxylic acid and formaldehyde. 

Acetonedicarboxylic acid has been considered a 
precursor to several alkaloids by Robinson, but has 
not been found in nature. 5-Substituted indole 
derivatives are included in our continued studies of 
the biogenesis of ergot alkaloids. 


SUMMARY 


1. A hypothesis was tested which claimed 
that the alkaloids of ergot form from precursors 
furnished by the host plant or originate under 
certain conditions in the mold itself as a result of 
a dysfunction of its normal metabolism. 

2. Rye and rye flower extracts, however, did 
not induce alkaloid formation in artificial cultures 
of the mold. 


3. Indole-3-methanal, indole-3-acetic acid, 
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tryptamine, and tryptophan are natural sub- 
stances which, from a structural standpoint, 
seem plausible as precursors for lysergic acid. 
However, when they were furnished to the grow- 
ing mold in artificial cultures together with 
structurally fitting moieties (Krebs’ cycle acids 
furoic acid, itaconic acid, citraconic acid, and 
pyridine derivatives), they failed to induce 
alkaloid formation under the experimental con- 
ditions tested. 

4. When the nonalkaloid-producing mold 
from the various artificial cultures was allowed 
to develop on its natural host, it invariably 
produced alkaloids in the developed sclerotia. 
Data presented in a later paper support the view 
that only sclerotial tissue seems capable of alka- 
loid formation. 
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The Parasitic Growth of Claviceps purpurea (Fries) 
Tulasne on Rye and its Relation to Alkaloid 
Formation‘ 


By EGIL RAMSTAD and GUNNAR GJERSTADT 


A study of the ability of the various develo 

mental stages of ergot to produce alkaloids 
in artificial cultures and under natural condi- 
tions, indicates that only the sclerotial stage, 
which could not be induced to form in arti- 
ficial cultures, is capable of producing alka- 
loids. Pigment formation and alkaloid pro- 

duction are unrelated. 


pet INVESTIGATORS have attempted to 
induce alkaloid formation in artificial cul- 
tures of Claviceps purpurea in the laboratory (1). 
Claims that more than traces of alkaloids could 
be obtained in such cultures (2, 3, 4) were based 
on biological or other nonspecific tests. During 
an investigation of the influence of certain chemi- 
cals on the biosynthesis of ergot alkaloids in 
artificial cultures (1), we routinely cartied out 
tests for the identity of our cultures by inocula- 
tion of developed conidia suspensions on rye 
heads in order to obtain the characteristic ergot 
sclerotia. A closer study of the development of 
ergot on this host plant led to some observations 
which have not been reported previously in the 
literature. 


DEVELOPMENT ON RYE 


The descriptions of the development of ergot on 
rye as found in current textbooks of mycology con- 
form to the viewpoints of Tulasne as he presented 
them in 1853 (5). According to this concept, the 
ascospore infection starts at the stigmata of the rye 
flower, where the mold produces hyphae which 
gradually invade the ovarial tissue down to the base 
of the carpel. The developing ovary serves as a 
source of nutrient for the mold and is engulfed by it. 
The ergot constitutes, according to this concept, a 
pseudosclerotium. However, if that were the case, 
one would expect to find ovarian tissue intermingled 
with hyphae, but no tissue from the host plant is 
ever present in the sclerotia. Furthermore, Stoll 
(7) has shown that sclerotia may also develop at 
the nodes of the plant, a fact indicating that the 
ovary per se is not indispensable for sclerotium for- 
mation. 

The view that the mold transforms the ovary into 
a secretion called “honeydew” cannot be subscribed 
to since, in the developing ergot sclerotium, the 
original ovary can be found as a deformed process at 
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POR 
Fig. 1.—Cross section of normal alkaloid-containing 
sclerotium (620). 


the top of the sclerotium (Fig. 1). Shortly after 
the beginning of the infection the ovary loosens and 
is detached from the bottom of the flower. The 
honeydew, which is the first macroscopic manifesta- 
tion of the infection of the flower, and which starts 
to flow one to two weeks after inoculation, contains 
innumerable conidia, 1.5-2.54 in diameter. Thus, 
they are considerably smaller in size than those de- 
veloped on- artificial substrates (7-84). Kirchoff 
(8) found that the infection starts at the insertion of 
the ovary, where it is detached from the receptacle. 
We substantiated this concept. For unknown rea- 
sons the wound fails to heal and the plant sap exudes 
easily into the hollow formed by the paleae. This 
secretion serves as nutrient for the fungus during the 
whole vegetative period. Occasionally, sclerotia 
werc found which were covered with a sticky fluid, 
the origin of which can be nothing else than par- 
tially evaporated rye sap. All fresh sclerotia are 
covered with conidiospores in evaporated honey- 
dew. The mold develops on top of the sap which 
oozes out through the open receptacle during the 
entire development of the sclerotium. In infected 
rye heads the individual noninfected flowers usually 
develop into considerably smaller fruits than those of 
normal heads, or they remain undeveloped due to 
decreased flow of sap to the noninfected flowers. 

In contrast to what is observed in artificial cul- 
tures true hyphal growth could not be found by us 
even at the base during the entire life cycle of the 
fungus. An interesting observation was made dur- 
ing the study of honeydew. When isolated samples 
of this secretion were left in a test tube open to con- 
tamination by air-borne spores over a period of six 
days no infection occurred, nor did the conidiospores 
gro. This phenomenon may be explained by the 
fact that the osmotic pressure in this partially 
evaporated plant sap is too high to permit growth, 
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for, when the same sample of honeydew was diluted 
with distilled water, the conidiospores disappeared, 
and long septated hyphae developed. On the 
same nutrients in the rye flower sclerotia would 
form. 


EXPERIMENTAL 


Formation of Alkaloids in Developing Ergot.— 
Testing of the honeydew for alkaloids gave negative 
results. The conidia were subjected to chemical 
tests for alkaloids by van Urk’s test (6) and by paper 
chromatography. The conidia did not contain 
alkaloids any more than did the conidia developed 
in submerged cultures in the laboratory. Also, 
undiluted honeydew was mixed on a spot plate with 
van Urk’s reagent; no color change took place 
within a reaction time of twenty-four hours. Paper 
partition-chromatographical analysis of 10-ul. por- 
tions of honeydew according to the methods de- 
scribed under testing of the mold from artificial 
cultures (1), failed to reveal under ultraviolet light 
blue fluorescent spots of Ry values corresponding to 
those of lysergic acid, ergotamine or ergonovine. 
An equilibrated mixture of n-butanol, water, and 
acetic acid (4:5: 1) was used as the developer. 

Testing of sclerotia at various stages of develop- 
ment by the same methods showed that alkaloids 
are deposited in the sclerotial tissue continually 
during its formation. Whether the analyzed sec- 
tions were taken from the top, middle, or bottom 
portion, or from the outer or inner regions of the de- 
veloping sclerotium they gave tests for alkaloids. 
The ovarian portion at the top of the sclerotium how- 
ever, was devoid of alkaloids. Alkaloids, therefore 
seem to be produced at the very moment of the for- 
mation of the sclerotial cells. 

True mycelial growth was not found in our ma- 
terial during the formation of normal ergot, and no 
comparison, therefore, could be made with the 
mycelium formed in laboratory cultures. However, 
some observations were made which might support 
the view that mycelial tissue, in the same way as 
conidia, is incapable of producing alkaloids. The 
failure of the mold to produce alkaloids in surface 
and in submerged cultures would be due to the fact 
that sclerotial tissue does not develop under these 
conditions. 

Occasionally sclerotia developed which differed 
from normal ones in that they were soft, having a 
smaller size and containing about twice as much 
moisture determined by drying in a desiccator to 
constant weight (10 to 15 per cent to normally 5 per 
cent). The color of their epidermal layers was 
normal. More than 20 of these aberrant sclerotia 
were investigated and, invariably, it was found that 
they were devoid of alkaloids, and differed anatomically 
from normal ergot sclerotia. They were made up of 
septated, parallel or loosely entwined hyphae (Fig. 
2). In contrast to the compact tissue of a normal 
sclerotium (Fig. 3), in which the component cells 
are arranged in a parenchyma-like structure, the 
cells of the aberrant sclerotia can be separated easily 
from one another. While normal sclerotial cells 
are cubical to spheroidal, relatively thick-walled and 
large, the cells of the aberrant sclerotia have consid- 
erably thinner walls, consist mostly of rectangular 
cells, and are of much smaller size. The coexistence 
of both types of cells was never observed. 
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Fig. 2.—Cross section of abnormal soft sclerotium 
( X620). 


2. 


Fig. 3.—Sclerotium enclosed in the rye glumes. 
Ovarial and staminal remnants covered with coni- 
dospores on the top. 


The pigment formation of the epidermis of the 
abnormal sclerotia was identical to that of the normal 
ergot. A few colorless sclerotia (leucosclerotia) 
which developed in two infected heads ~‘so gave 
positive reactions for alkaloids. This is indica- 
tion that pigment formation and alkaloid production 
constitute independent processes. 


SUMMARY 


The natural development of ergot on rye has 
been studied particularly in connection with the 
formation of alkaloids. It was found that: 

1. The ovary of the rye flower, after infection, 
is detached from the receptacle and remains at 
the apex of the developing sclerotium. 

2. Normally, there is no intimate anatomical 
connection between the mold and the plant, and 
the fungus grows directly on top of the sap which 
bleeds into the hollow formed by the paleae of the 
rye flower. 

3. Normal sclerotia contain alkaloids from 
the early stage of their formation. 

4. Neither the “honeydew” nor conidia de- 
veloped in the rye flower could be found to con- 
tain alkaloids. 
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5. Soft, aberrant sclerotia, which occasionally 
develop on rye, are composed of septated hyphae. 
6. These aberrant sclerotia could not be 
found to contain alkaloids. 
7. Alkaloid formation is independent of pig- 
ment formation. 
8. It is believed that only sclerotial tissue is 


capable of producing ergot alkaloids. 
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A Pharmacological Study of Certain Basic 
Derivatives of Ethyl Diphenylacetate* 


By CECIL P. HEADLEE? and L. D. EDWARDS} 


Six new basic derivatives of ethyl diphenyl- 

acetate have been subjected to a pharmaco- 

logical investigation. The results of antihis- 

taminic, antispasmodic, local anesthetic, 

vasodepressor, analgetic, irritant and toxicity 
tests are presented 


I AN ATTEMPT to control better some of the 
acute and chronic manifestations of the aller- 
gic state, and to eliminate some of the undesir- 
able side effects accompanying usage of certain 
of the synthetic histamine antagonists, Comer 
and Data (1) have synthesized a series of basic 
derivatives of ethyl diphenyl acetate. As tabu- 
lated below, code numbers have been employed 
to designate the compounds presented to this 
laboratory for investigation. 


Code 

Number Chemical Name 

D-401 Ethyl a-(8-dimethylaminoethoxy)- 
diphenylacetate. 

D-402 Ethyl a-(8-diethylaminoethoxy )di- 
phenylacetate. 

D-403 Ethyl a-(8-dimethylaminoethylam- 
ino )diphenylacetate. 

D-404 Ethyl a-(8-diethylaminoethylam- 
inc)diphenylacetate. 

D-405 Ethyl 5-dimethylamino-2,2-di- 
phenylpentanoate. 

D-406 Ethyl 5-diethylamino-2,2-diphenyl- 
pentanoate. 


Compounds D-401, D-402, D-403, D-404, and 
D-406 were available as oily products. Conse- 
quently, these amines were dissolved in an equiva- 
lent amount of 0.5 N HCl and then diluted with 
water to make the desired concentrations. Since 
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D-405 was available as the solid hydrochloride, a 
solution of this compound was readily effected 
by simply dissolving the compound in water. 


EXPERIMENTAL 


Antihistamine Effect.—Prevention of Broncho- 
spasm from Nebulized Histamine in Guinea Pigs.— 
Twenty-one guinea pigs, one at a time, were confined 
in a glass chamber and exposed to aerosolized 2% 
histamine, calculated as the free base, to determine 
the normal reaction time of the animals (time to 
cause forced inspiration and gasping). Eight hours 
later, the animals were injected subcutaneously 
with the test drugs and the standard (Benadryl®), 
and again were subjected to the aerosolized hista- 
mine. A minimum of three animals was used for 
each drug. All drugs were tested at a dosage of 
1 mg./Kg. and any increase in the reaction time to 
the histamine vapor was taken as evidence of anti- 
histamine action. Relative potencies of the com- 
pounds were determined and are shown in Table I. 
It should be noted that D-405 and D-406 showed no 
antihistaminic action by this method of testing. 

Antianaphylactic Shock Effect.—Adult guinea 
pigs, 300 to 400 Gm., were used in the test according 
to the method of Marcus (2). The animals were 
sensitized by an intraperitoneal injection of 0.2 
ce. of undiluted egg white and kept in a large com- 
mon cage until used. Twenty-one days after the 
sensitizing dose, all animals were pretreated with 
5 mg. of the test drugs and the standard, Benadryl®. 
The drugs were administered subcutaneously and a 
minimum of two animals was used to test each drug. 
Twenty-five minutes after pretreatment, the animals 
were administered the provocative dose, 0.4 cc. of 
1:4 normal saline dilution of egg white. This in- 
jection was made intracardially into the right ven- 
tricle. The resulting symptoms of anaphylactic 
shock were evaluated as 0 = nosymptoms; 1 plus = 
mild symptoms; 2 plus = more severe symptoms, 
strong inspiratory movements, incontinence, animals 
live; 3 plus = severe symptoms, animals die in 
three to eight minutes, massive emphysema of 
lungs at autopsy; and 4 plus = severe symptoms, 
prostration followed by death after a delayed period 


744 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


Vol. XLIV, No. 12 


Tasie I.—ANTIHISTAMINIC ACTION OF THE NEW COMPOUNDS AS EVIDENCED BY THE VARIOUS TESTING 
PROCEDURES 


Test 
Nebulized histamine (relative potency) 
Antianaphylactic shock (symptoms of 
shock) 
Histamine antagonism in cats (50% an- 
tagonism in mg./Kg.) 
(relative potency) 
Guinea pig lung perfusion (% decrease in 
spasm ) 
(relative potency) 
Guinea pig ileum (50% antagonism, mg. / 
75-cc. Bath) 


1.00 


Benadryl® D-401 


Con- 


D-402 trol 


0.35 
+1 


NAS 
0.00 


108 87 
0.98 0.80 


0.065 0.118 0.107 0.217 0.414 0.630 


D-403 
0.42 


+1 


4.10 
0.40 


117 
1.06 


D-404 
0.27 


+2 


3.34 
0.49 


0.62 
+1 


NAS? 
0.00 


+4 


0.29 


107 67 
0.97 0.61 


+ No action shown. 


of fifteen to sixty minutes. Although none of the 
new compounds were found to be as active as Bena- 
dryl® in preventing shock, all showed activity to 
some degree. The results may be seen in Table I. 

Histamine Antagonism in Cats.—Healthy cats of 
either sex, a minimum of two cats for each drug, 
were anesthetized and prepared for blood pressure 
recording from the carotid artery by means of a 
mercury manometer. The femoral vein was can- 
nulated for intravenous administration of the anti- 
histaminics and histamine. Five control responses 
to histamine base 2.5 ug./Kg. were obtained and the 
mean response was determined. Ten minutes 
later a dose of the antihistaminic was administered 
and two minutes later, the dose of histamine was 
repeated. Kymograms were made of these re- 
sponses. This procedure was conducted three 
times, attempting to administer doses of the anti- 
histaminics which would depress the mean vaso- 
depressor effect of histamine approximately 25%, 
50%, and 75%. Graphically, and through inter- 
polation, the amount of each test drug necessary to 
cause a 50% depression of the mean vasodepressant 
action of histamine was computed. These results 
as well as relative potencies of the compounds are 
shown in Table I. 

Although D-401 and D-402 were previously dem- 
onstrated to possess antihistaminic activity, no 
such action could be demonstrated by this method 
of testing. These compounds in themselves showed 
such a vasodepressor response that by the time the 
blood pressure had returned to normal and where 
histamine could be injected, the blocking effect of 
either drug against histamine was not evident. 

Guinea Pig Lung Perfusion.—Guinea pig lungs, 
four pairs to test each compound and the standard, 
Benadryl®, were perfused by the method of 
Tainter ef al. (3). To demonstrate the standard 
spasm (determined by the amount of perfusate 
passing through the scarified lung), 0.1 mg. of hista- 
mine, calculated as the free base, was injected into 
the lungs proximal to the tracheal cannula. After 
the perfusate rate had returned to normal, 10 mg. of 
the antihistamine and the standard dose of histamine 
were injected simultaneously into the cannula. A 
decrease in the amount of bronchial spasm, as indi- 
cated by an increase of the perfusate rate, as com- 
pared to the standard spasm, histamine alone, was 
taken as evidence of antihistaminic activity. On 
this basis the decrease in bronchial spasm and rela- 


tive potency of each compound was determined. 
These results are shown in Table I. 

Protection Against Histamine-Induced Spasm on 
Isolated Strips of Guinea Pig Ileum.—Small seg- 
ments of guinea pig ileum, 2 to 3 cm., were sus- 
pended in a 75-cc. aerated bath of Tyrode's solution 
at 37.5°. The standard procedure of testing drugs 
for antihistamine activity on isolated intestinal 
strips was followed and the amount of each of the 
new compounds and the standard to cause a 50% 
reduction of the mean histamine spasm, as induced 
by 2 x 10 Gm./cc. histamine phosphate, was 
determined. The results of these tests are as 
shown in Table I. 

Antispasmodic Effect.—Effect on Isolated Rat 
Ileum.—Terminal strips of rat ileum were suspended 
in a 75-cc. aerated bath of Tyrode’s solution at 
37.5°. Normal rhythmic peristaltic contractions 
were allowed to become stabilized and then varying 
amounts of the test drugs were added to the bath 
and the effects permanently recorded. The cham- 
ber was flushed and refilled after each addition of the 
test drug. Each drug was tested in several dilutions 
and on several strips. All the compounds pro- 
duced a definite and immediate depressant effect as 
1:50,000 dilutions to the extent that the normal 
peristaltic movements were entirely suppressed and 
the tonus severely decreased. When diluted to 
1: 100,000, D-402, D-404, and D-406 appeared 
to be the most active, completely suppressing the 
normal contractions but with no noticeable effect on 
tonus. D-401 and D-405 produced a decrease in 
tonus with a slight stimulation of motility. D-403 
appeared to have little or no effect at this dilution. 

Protection Against Barium and Acetylcholine- 
Induced Spasm on Isolated Strips of Guinea Pig 
Ileum.—Following the procedure previously used 
in testing for protection against histamine-induced 
spasm on intestinal strips, the amounts of each of 
the new compounds and the standards to bring 
about a 50% reduction of the mean barium chloride 
and mean acetylcholine-induced spasms were de- 
termined. As may be seen in Table II, all the com- 
pounds showed antispasmodic activity. All were 
more antagonistic to barium chloride than either 
atropine or papaverine, and all but D-401 were more 
active than Benadryl®. Further, all the compounds 
were more active than papaverine in suppressing 
acetylcholine-induced spasms, but much less active 
than either atropine or Benadry!®. 


% 
1.00 0.31 i 
he 
0.008 
Benadry!® arbitrarily assigned a potency of 1.00. 
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TABLE II* 


Barium Acetylchloine 
i Bromide 
(1 we.), we. 


Atropine SO, 
Papaverine 
Benadry! 


* Quantities of the various new compounds and of certain 
known antispasmodics required to reduce by one-half the 
spasm as produced by barium chloride and acetylcholine 
bromide in the concentration stated using guinea pig ileum 
in a 75-cc. bath as the test object. 


Parasympatholytic Effect.—Following the method 
of Winbury, Schmalgemier, and Hambourger (4), 
the compounds and the standard atropine were 
studied for parasympatholytic activity in the intact 
and unanesthetized rat. Six groups of six rats each 
were administered, intraperitoneally, logarithmic- 
ally graded doses of each test drug. Fifteen minutes 
later, 10 mg./Kg. of Mecholyl® hydrobromide was 
administered intraperitoneally as the parasympa- 
thetic stimulant. The criterion of the test was the 
abolishment of the normal profuse lacrimation as 
produced by the above amount of Mecholyl®. 
After completion of the tests, the results were plotted 
graphically and the PDy was determined for the 
unknowns and atropine. Though all the test drugs 
were tested up to 60 mg./Kg., D-401 and D-402 
were the only compounds showing even the slightest 
parasympatholytic action. The PDs of D-401 
was determined as 26.5 mg./Kg.; D-402, 20.0 
mg./Kg.; and atropine, 0.42 mg./Kg. 

Passage of Meal in Rats.—Using Macht's rat 
meal method (5), the principle of which is that the 
distance material traverses the small intestine in a 
specified time is decreased by pretreatment with 
antispasmodic drugs, the test drugs and two stand- 
ards, atropine SO, and Trasentine®, were studied for 
in vivo antispasmodic effects. The basic deriva- 
tives and Trasentine® were all tested orally at a dose 
level of 50 mg./Kg. while atropine was tested orally 
at a dose level of 1 mg./Kg. Fifteen animals were 
used as controls (receiving only the meal) and the 
same number were used to test each drug. The 
mean per cent of the distance the material traversed 
the small intestine in the control animals was de- 
termined as 74%; D-401, 67%; D-402, 53%; 
D-403, 51%; D-404, 50%; D-405, 56%; D-406, 
47%; Atropine SQ,, 35%; and Trasentine®, 56%. 

Local Anesthetic Effect.—Topical Anesthesia.— 
The compounds were tested for local anesthetic 
effects by flooding the conjunctival sac of the eye of 
albino rabbits for one minute, then observing 
whether, and for how long, the wink reflex was abol- 
ished upon stroking the cornea. The test drugs, as 
well as the standard, cocaine HCl, were tested as 1% 
solutions. Four animals were used to test each drug. 
A mean duration of anesthesia in minutes was de- 
termined for each drug. These were as follows: 
cocaine HCl, 28.5; D-401, 30.0; D-402, 32.0; 
D-403, 20.0; D-404, 21.0; D-405, 48.0; and D-406, 
49.0 minutes. 


Infiltration Anesthesia —Using the method of 
Bulbring and Wajda (6) as applied to the intra- 
cutaneous wheal method of testing for infiltration 
anesthesia in guinea pigs, the degree of anesthesia as 
produced by varying concentrations of the test 
drugs was investigated. Complete results of this 
test may be seen in Table III. 


TABLE III.—NuMBER OF Pricks?* FAILING To ELiciT 
A RESPONSE AFTER INTRACUTANEOUS INJECTION 


0.100% 0.050% 0.025% 
Cocaine HCl 
D 


* Out of a possible total of 36. 


Vasodepressor Effects in the Hypotensive State.— 
As previous tests indicated the compounds to possess 
vasodepressor activity in the normal animal, an at- 
tempt was tnade to determine whether the com- 
pounds might be useful in the symptomatic treat- 
ment of hypertension in the unanesthetized hyper- 
tensive animal. A group of rats, selected at ran- 
dom, were subjected to Goldblatt’s technique (7) 
of producing hypertension. Forty days after bi- 
lateral constriction of the main renal artery, the 
rats were tested for hypertension according to the 
rat tail method of Williams, Harrison, and Groll- 
man (8). Animals showing a blood pressure of 
180 mm. Hg were maintained for hypotensive 
studies. The test compounds were administered 
from 10 mg./Kg. up to the toxic dose level. All 
injections were made intraperitoneally. Beginning 
two minutes after injections, blood pressure read- 
ings were recorded every ten minutes, using the 
rat tail method, until the blood pressure returned to 
its previous level. Three rats were used for testing 
each dose of each drug used and all doses were given 
in the amount of 0.25 cc. It was found that all the 
drugs produced a definite and immediate drop in 
blood pressure but none produced any long-lasting 
effect. In order to get any prolonged effect at all 
(less than one-half hour), it was necessary to give 
amounts of the drugs approaching the toxic dose. 

Analgetic Effect.—The radiant heat method (9) 
was utilized in studying the analgetic effects of the 
new compounds. Wistar strain rats, weighing 
from 125 to 175 Gm. were used, five rats for each of 
the 2 dose levels of the test drugs and the same - 
number for the standards, morphine and codeine. 
Morphine was tested at a dose of 10 mg./Kg. while 
codeine was tested at a dose of 25 mg./Kg. In 
order to compare the analgetic potency of the test 
drugs to the standards, the new compounds were 
tested at 10 and 25 mg./Kg. All drugs were ad- 
ministered intraperitoneally. As may be seen from 
Table IV, none of the compounds were significantly 
effective in increasing the mean reaction time to the 
radiant heat stimulus when compared to morphine 
or codeine. 

Irritant Effects—Topical Action —0.125%, 
0.250% and 0.5% solutions of the test drugs and a 
0.5% solution of Benadryl® were instilled into the 
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ested 
D-401 0.315 20.00 
D-402 0.137 18.50 
D-402 0.120 27.30 
D-404 0.042 15.10 
D-405 0.160 13.80 
11.210 0.12 
0.820 690.00 = = 
ro D-402 36 33 27 
Ri D-403 30 29 25 
c D-404 32 32 28 
D-405 36 36 35 
= D-406 36 33 32 
4 
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TABLE I1V.—A COMPARISON OF THE MEAN EFFECTS 
oF THE Basic DERIVATIVES TO MORPHINE AND 


CODEINE ON THE RAT BY THE IANT HEAT 
MerTHop 
Normal Mean 
Reaction Analgetic Mean 
Dose, Time, Time, Effect, 
Drug mg./Kg sec. sec sec. 
Morphine 10 5.1 9.6 4.5 
Codeine 5.4 9.8 4.4 
D-401 10 5.0 6.4 1.4 
25 5.0 6.1 eB 
D-402 10 4.9 5.2 0.3 
25 5.0 5.4 0.4 
D-403 10 5.5 5.1 —0.4 
25 5.2 5.6 0.4 
D-404 10 5.5 5.4 —-0.1 
25 5.3 4.9 —0.4 
D-405 10 §.2 5.9 0.7 
25 4.9 5.3 0.4 
D-406 10 5.6 5.6 0.0 
25 5.4 6.4 


| 
| 
| 
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conjunctival sacs of rabbit eyes and allowed to re- 
main in contact for three minutes. A minimum of 
two tests were made for each dilution of each test 
drug. No compound produced irritation as a 
0.125% solution; D-404 was slightly irritant as a 
0.250% solution and all compounds were irritant as 
0.5% solutions, causing redness and chemosis, con- 
siderable discharge and clouding of the cornea. No 
mydriatic or miotic effects were observed. The 
most severe irritation lasted but sixteen hours and 
in no case was there consequent pitting or ulceration. 
Benadryl® was not irritant as a 0.5% solution. 

Subcutaneous Action.—Subcutaneous injections of 
two concentrations of each drug were made into the 
backs of guinea pigs. Injections were made in a 
volume of 0.25 cc. and at two sites. Normal saline 
was injected as control and the test drugs were ad- 
ministered as 0.1 and 0.2% solutions. Observations 
were begun four hours after injection and were con- 
tinued at 24-hour intervals until all symptoms of 
irritation subsided. The irritant properties of the 
test drugs were evaluated on the basis of the area 
involved, the degree of the degenerative changes, 
induration and ecchymosis, the depth of the result- 
ing ulcer and suppuration, the area of the scar 
tissue formed, and the length of time for complete 
regeneration. It was observed that 0.1% solutions 
of D-402, D-404, and D-406 were irritant, producing 
induration and petechiae but with no necrosis. 
As 0.2% solutions, all compounds were irritant, 
producing necrosis, D-404 showing the most irrita- 
tion with the remainder of the compounds following 
in the order of, D-406, D-402, D-403, D-401, and 
D-405. 

Acute Toxicity.—Seven-week-old albino rats of 
either sex were fasted 24 hours, receiving water ad 
lib, prior to the test. The animals were arranged 
into groups of 10 rats, one group being used for each 
of the six dose ranges of each compound. The 
drugs were given via the intraperitoneal route, and 
mortalities were taken at the end of 72 hours. The 
LDy was calculated for each drug according to 
De Beer’s method (10). The results of this study 
may be seen in Table V. Lethal doses of all the 
test drugs produced marked stimulation of the cen- 
tral nervous system and death occurred with 
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terminal clonic convulsions. Sublethal doses of all 
compounds except D-405 and D-406 produced pro- 
gressively increasing generalized hyperactivity, 
clonic convulsions followed by lethargy, possibly 
due to general exhaustion. D-405 and D-406, 
with small doses only, caused increased hyper- 
activity preceded by a period of hypoactivity. 


TaBLe V.—Tue Acute Toxicity oF THE Basic 

DERIVATIVES OF DIPHENYLACETATE AS 

DETERMINED BY INTRAPERITONEAL INJECTION INTO 
Rats 


Limits of 
Compound LDw, mg./Kg. Error, % 
D-401 57.0 96-105 
D-402 36.5 95-106 
D-403 118.6 97-103 
D-404 71.5 97-104 
D-405 84.1 93-108 
D-406 53.0 97-104 
Benadryl 83.4 94-106 


TABLE VI.—Tue GENERAL, GROSS, AND MIcRO- 

scopic Errects OF THE Basic Derivatives As 

PRODUCED IN THE RAT BY PROLONGED ADMINISTRA- 
TION 


Dose, General, Gross, and 

Drug mg./Kg. Microscopic Observations 

D-401 11.2 Slight hyperemia of spleen; fatty 
and albuminous degeneration 
epithelium of kidney tubules 
with nuclei not aligned. 

D-402 9.0 Ruffled fur, hypoactivity, delayed 
growth curve; 4 animals died 
during test; white patches on 
lungs; marked congestion and 
active hematopoiesis of spleen; 
albuminous degeneration epi- 
thelium of kidney tubules with 
closed lumina; a few granulo- 
matous and hematopoietic cen- 
ters in liver; atrophy, degen- 
eration, connective tissue re- 
placement in heart with myo- 
carditis and lymph cell infiltra- 
tion. 

D-403 21.0 2 animals died during test; 
slight congestion in spleen; 
early albuminous degeneration 
of kidney; slight swelling hepa- 
tic cells; heart slightly hemor- 
rhagic and edematous. 

D-404 16.2 Very slight congestion and hema- 
topoiesis in spleen; consider- 
able swelling, fatty and albumi- 
nous degeneration with necro- 
biosis in kidney; occasional 
vacuolated areas in liver; very 
slight congestion in heart. 

D-405 15.0 Marked congestion and slight 
hematopoiesis in spleen; slight 
swelling epithelium of kidney 
tubules; very slight conjestion 
in heart. 

D-406 11.2 2 animals died during test; hy- 
poactivity; slight congestion 
and hematopoiesis in spleen; 
patchy swelling congestion of 
heart; hemorrhagic areas in 
lungs. 
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Toxicity with Prolonged Administration. Wistar 
strain rats, weighing between 125 and 175 Gm., a 
group cf 10 rats for each test drug, received non- 
toxic doses of the new compounds intraperitoneally 
over a period of 30 days. A control group of 10 
animals received normal saline intraper:toneally. 
At the end of the 30 days, the animals were sacri- 
ficed and observed for symptoms of gross pathology. 
Histological examinations were made on six organs. 
The doses administered and the resulting effects are 
shown in Table VI. 


SUMMARY 


1. Studies of the antihistaminic, antispas- 
modic, local anesthetic, vasodepressor, and anal- 
getic activity, irritancy, and toxicity were made 
on six new basic derivatives of ethyl diphenylace- 
tate. 

2. The compounds were, in general, found to 
be less active than Benadryl® as antihistaminics. 

3. As antispasmodics, the compounds were 
found to be more active than atropine or papa- 
verine in antagonizing barium chloride-induced 
spasms and more active than papaverine in sup- 
pressing acetylchloine-induced spasms. 
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4. The basic derivatives were found to be 
effective in producing either topical or infiltration 
anesthesia. 

5. Noevidence was presentable that the com- 
pounds hold any promise as hypotensive or anal- 
getic agents. 

6. The compounds were found to be far more 
irritant, excher topically or subcutaneously, than 
Benadryl®. 

7. Acute and chronic toxicity data are pre- 
sented. 
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Sulfur Derivatives of 0-Thymotic Acid* 


By ARNOLD URDANG}# and PAUL JANNKE 


o-Thymotic acid was converted into three sulfur-containing acids, from each of 
which metallic and organic derivatives were prepared. Chlorosulfonation of o- 
thymotic acid yielded 6-(chlorosulfony!)-3-hydroxycymene-2-carboxylic acid which 


was reduced 


to the mercaptan, 3-hydroxy-6-mercaptocymene-2-carboxylic acid. 


The mercaptan was oxidized to 6,6'-dithiobis(3-hydroxycymene-2-carboxylic acid) 

and also converted to the thio ether, 3-hydroxy-6-methylmerca ptocymene-2-carbox- 

ylic acid. Neutralization equivalents for the acids and for most of the derivatives 
were determined potentiometrically. 


URING RECENT YEARS, considerable emphasis 

has been placed upon the pharmacologic 

and bactericidal action of the sulfhydryl and sub- 
stituted sulfhydryl groups. Few of the com- 
pounds containing them, however, are of the 
aromatic type. The most familiar drug in this 
class is thimerosal, N. F., or Merthiolate”, which 
has become one of the better known bactericidal 
agents. Street, ef al. (1), and Bengston (2) re- 
ported on the microbiological activity of deriva- 
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tives of o-thymotic acid, and it seemed logical to 
prepare sulfhydry! derivatives of the acid for 
future evaluation. 


DISCUSSION 


Direct sulfuration of o-thymotic acid by phos- 
phorus pentasulfide proved unsuccessful. The 
Kolbe reaction is an established procedure for pre- 
paring ortho-carboxylic acids from the oxyphenols, 
however the literature makes no reference to the 
success of the reaction when applied to the thio- 
phenols. Several modifications of the reaction were 
applied to thiophenol itself, without success. These 
experiences, together with the extreme difficulties 
encountered in trying to prepare thiothymol, 
caused the reaction to be abandoned along with the 
hope of producing o-thiothymotic acid by means of 
it. 
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The chlorosulfonation of cymene-2- and cymene-3- 

carboxylic acids appeared to be a logical approach 
to the preparation of isomers of the o-thiothymotic 
acid sought originally. The two carboxylic acids 
were prepared in good yield according to methods 
described by Bogert and Tuttle (3) and Lester and 
Bailey (4). Chlorosulfonation of the acids was 
attempted, following the procedure of Brand, et ai. 
(5), for the preparation of m-(chlorosulfony])- 
benzoic acid, but without success. Even when per- 
formed under modified conditions (6), the reaction 
mixtures did not yield the chlorosulfonated acids. 

The chlorosulfonate of o-thymotic acid itself was 
produced, according to the method of Chou, ef al. 
(7), by employing an excess of chlorosulfonic acid. 
Since the methyl, isopropyl, and hydroxyl groups 
are ortho-para directing and since the carboxyl 
group is meta directing, it is logical to conclude that 
the chlorosulfonyl radical occupies the number six 
position on the aromatic ring. Consequently, the 
compound is named 6-(chlorosulfonyl)-3-hydroxy- 
cymene-2-carboxylic acid. 

The reduction of this compound in alcoholic solu- 
tion by Zn and HC! yielded the sulfhydride which 
was directly oxidized to the disulfide with solid 
FeCh, employing the procedure of Smiles and Stew- 
art (8). However, the disulfide was not pure, even 
after repeated recrystallization. The hydroalco- 
holic filtrate from it yielded additional precipitate 
upon standing (m. p. 169-170°). When the filtrate 
from this product was diluted by wash water, a 
third fraction (melting at 145-156°) was isolated. 
The identity of the latter two compounds was not 
ascertained; however, it was suspected that one was 
the mercaptan and that the other was the ethyl ester 
of the mercapto-acid. At least, neither compound 
was encountered when the reaction was repeated, 
using acetic acid as the solvent. In this instance, 
the single precipitate obtained was shown to be the 
disulfide by virtue of its sulfur content and its 
neutralization equivalent. 

The reaction product was preferably isolated as 
the disulfide because greater stability and ease of 
purification were assumed. Although H,O, was 
tested, it offered no advantage as oxidizing agent, 
consequently FeCl, was employed throughout. 

The mercaptan itself could be isolated readily, 
prior to oxidation, by adding a large volume of water 
to the chlorosulfonate reduction mixture. It was 
also produced by reduction of the disulfide. Its 
stability was demonstrated by remaining unchanged 
after standing in contact with air for more than four 
months. Phenolphthalein could not be used as 
indicator in determining the neutralization equiv- 
alent because the sulfhydryl group contributed to 
the acidity of the compound. The curve based on 
potentiometric titration confirmed the acidic na- 
ture of the thiol group (Fig. 1). Two points of 
inflection were observed; one very steep, due to the 
carboxyl group, and a second, less marked, attrib- 
uted to the sulfhydryl group. A third point of 
inflection, associable with the hydroxyl group, was 
not encountered. Neutralization equivalents cal- 
culated from this curve agreed with the theoretical. 
To prove that the second point of inflection was due 
to the sulfhydryl and not to the hydroxyl group, the 
disulfide and the methylthio ether were titrated po- 
tentiometrically (Fig. 2 and 3). In both instances 
where the sulfhydryl group was inactivated, only 
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Fig. 1.—Potentiometric titration of 3-hydroxy-6- 
mercaptocymene-2-carboxylic acid. 
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Fig. 2.—Potentiometric titration of 6,6’-dithiobis- 
(3-hydroxycymene-2-carboxylic acid). 
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Fig. 3.—Potentiometric titration of 3-hydroxy-6- 
methylmercaptocymene-2-carboxylic acid. 


one point of inflection was observed and it corre- 
sponded to that of the carboxyl group. This shows 
that the sulfhydryl group is acidic enough to be 
titrated potentiometrically whereas the phenolic 
hydroxy! group in the compound is not. 

The methylthio ether, 3-hydroxy-6-methylmer- 
captocymene-2-carboxylic acid, was prepared by 
modifying the procedure of Tarbell and Fukushima 
(9). Potentiometric titration was employed to 
demonstrate that the carboxyl group was not esteri- 
fied. 
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To prepare a series of metallic salts of the mer- 
captan, the disulfide, and the methylthio ether, the 
acids were first neutralized with NaOH. In the 
case of the mercaptan, it was necessary to be sure 
that the sulfhydryl! group was not converted to the 
sodium mercaptide, consequently the neutraliza- 
tion was performed potentiometrically. The re- 
sulting sodium salts were converted into other me- 
tallic salts by metathesis. In those instances where 
the thiol group was free, the salts were analyzed by 
dissolving samples in excess standard alkali and 
titrating residually with standard acid. Other 
salts were analyzed by standard procedures for 
organometallic compounds. 

The methyl and ethyl esters of 3-hydroxy-6- 
mercaptocymene-2-carboxylic acid were prepared 
through the silver salts. Since the reaction pro- 
ceeded smoothly with the mercaptan, it was as- 
sumed to be applicable to the disulfide and to the 
methylthio ether. 

The method described by Kharasch (10) for pre- 
paring merthiolate was found to be applicable in 
preparing 3-hydroxy-6-ethylmercurithiocymene-2- 
carboxylic acid in 77% yield. 
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Fig. 4.—Potentiometric titration of methyl 3-hy- 
droxy-6-mercaptocymene-2-carboxylate. 


EXPERIMENTAL 


Attempted sulfuration of o-Thymotic Acid.—Ten 
grams of o-thymotic acid intimately mixed with 50 
Gm. of P:S; was heated under a reflux condenser for 
three hours at 235°. Carbonization occurred and 
vigorous foaming ensued. The brittle material 
which formed upon cooling was finely powdered and 
extracted with 10% NaHCoO, solution. Acidifica- 
tion of the clarified extracts did not yield the desired 
reaction product. Modifications of the procedure 
were attempted; however, in no instance was o- 
thiothymotic acid isolated. 

Attempted Carboxylation of Thiophenol.—A modi- 
fication of the Schmidt-Kolbe reaction (7) was 
attempted, wherein 23.71 Gm. (1.03 moles) of granu- 
lated sodium was slowly added to a boiling xylene 
solution of thiophenol (0.5 moie) while dry CO: was 
bubbled through the mixture. After digestion for 
about nine hours, the reaction mixture was treated 
in the usual manner, but only thiophenol could be 
isolated. Several variations of the reaction were 
applied without success. 
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Attempted Chlorosulfonation of Cymene-2- and 
Cymene-3-carboxylic Acids.—Ten milliliters (0.15 
mole) of chlorosulfonic acid was added dropwise to a 
cold solution of 8.95 Gm. (0.05 mole) of cymene-2- 
carboxylic acid (3, 4) in dry chloroform. After 
standing for two hours, the mixture was cautiously 
poured over cracked ice. The chloroform layer was 
washed, dried, and concentrated to a yellow oil 
which crystallized upon cooling. Recrystalliza- 
tion from dilute alcohol produced a colorless com- 
pound melting at 70°. The Beilstein test indicated 
the absence of halogen, and the compound caused no 
lowering of the melting point of cymene-2-carboxylic 
acid. It was apparent that the sulfonyl chloride of 
the acid was not formed. 

The experiment was repeated, employing a va- 
riety of concentrations, temperatures, and time in- 
tervals, but in no instance could the chlorosulfonated 
acid be isolated. ; 

Identical experimental conditions were applied 
to cymene-3-carboxylic acid (3, 4) without success. 

Chlorosulfonation of o-Thymotic Acid.--Seven 
hundred and fifty milliliters (11.35 moles) of chloro- 
sulfonic acid was added dropwise to a solution of 
150 Gm. (0.767 mole) of o-thymotic acid in 750 ml. 
of dry chloroform. The reaction mixture was 
stirreti constantly and maintained at a temperature 
of 0-5°. After warming to room temperature the 
mixture was poured over cracked ice, and the chloro- 
form layer was separated. It was washed with cold 
water and concentrated to one-half of its original 
volume. Upon cooling, it solidified to an amorphous 
powder which was subsequently extracted with 
hot ligroin to remove unreacted thymotic acid. 
After recrystallization from a mixed solvent of lig- 
roin and benzene, there remained 110 Gm. of the 
sulfonyl chloride, m. p. 150.5-152°. The presence 
of sulfur and chlorine was demonstrated by ele- 
mentary analysis. The yield corresponded to 
48.8% of the theoretical. 

Preparation of 6,6’-Dithiobis(3-hydroxycymene- 
2-carboxylic acid) Using Ethanol as Solvent.—To a 
solution of 5 Gm. (0.0172 mole) of 6-(chlorosul- 
fonyl)-3-hydroxycymene-2-carboxylic acid in 37.5 
ml. of ethanol and 25 ml. of concentrated HCI, 8.75 
Gm. (0.134 mole) of Zn dust was added in small 
quantities. After the evolution of hydrogen had 
ceased, the excess of Zn was filtered off and an excess 
of solid FeCl, was added to the clear filtrate. The 
resulting precipitate was allowed to stand over- 
night to ensure oxidation of the mercaptan to the 
disulfide. It was collected on a filter and washed 
to remove excess FeCl. 

The disulfide was not pure, m. p. 196-199°, even 
after repeated recrystallization from chloroform. 
The hydroalcoholic filtrate from the disulfide 
yielded additional precipitate (m. p. 169-170°) 
upon standing. When the filtrate from this pre- 
cipitate was diluted by wash water, it yielded a 
third fraction having a melting range of 145-156°. 

Preparation of 6,6’-Dithiobis(3-hydroxycymene- 
2-carboxylic acid) Using Acetic Acid as Solvent.— 
Fifteen grams (0.051 mole) of 6-(chlorosulfonyl)-3- 
hydroxycymene-2-carboxylic acid was dissolved in 
500 ml. of glacial acetic acid. Concentrated HCl 
(112.5 ml.) was added slowly, followed by 30 Gm. 
(0.458 mole) of powdered Zn in small portions. 
After about five hours of vigorous stirring the 
solution became clear. A small amount of un- 
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reacted Zn was filtered off and an excess of FeCl, 
was added to the filtrate. After standing over- 
night, a copious precipitate separated. It was 
recrystallized from chloroform and from benzene, 
producing fine white needles melting at 204.5- 
206°. The yield was 6.66 Gm., corresponding to 
58% of the theoretical. 

Anal.—Caled. for N.E.,' 225. 
Found: 225.3 (Fig. 2). 

Caled. for S, 14.21%. Found: 
14.13%. 

Preparation of 3-Hydroxy-6-mercaptocymene-2- 
carboxylic Acid by Reduction of 6-(Chlorosulfonyl )- 
3-hydroxycymene-2-carboxylic Acid.—Three hun- 
dred and thirty-six milliliters of concentrated HCl 
was slowly added to a solution of 45 Gm. (0.154 
mole) of 
boxylic acid in 1,500 ml. of glacial acetic acid. Over 
a period of five hours, 90 Gm. (1.37 moles) of powd- 
ered Zn was added in small quantitities. The yellow 
solution was filtered, and a large excess of water was 
added, resulting in the separation of a dense pre- 
cipitate. It was removed on a suction filter, thor- 
oughly washed, and dried over H2,SO,. Recrystal- 
lization from benzene yielded 20 Gm. of bright 
yellow crystals melting at 171-172°. The yield was 
86% of the theoretical. 

Anal.—Caled. for CyHywO,S: N. E. (based on 
carboxy! group only) 226.0. Found: 226.0. N. E. 
based on carboxyl] and sulfhydryl groups: 

Caled.: 113.0. Found: 114.0 (Fig. 1). 

Preparation of 3-Hydroxy-6-mercaptocymene-2- 
carboxylic Acid by Reduction of 6,6'-Dithiobis (3- 
hydroxycymene-2-carboxylic acid).—Five-tenths 
gram of the disulfide was dissolved in 50 ml. of 
glacial acetic acid. Following the addition of 7.5 
ml. of concentrated HCI, 2 Gm. of Zn dust was intro- 
duced in small portions. Stirring was continued until 
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the evolution of hydrogen ceased, and then the solu- 
tion was filtered. The filtrate, processed as before, 
yielded the mercaptan which was identical with that 
obtained from the reduction of the sulfonyl chloride. 
The yield was 0.3 Gm., corresponding to 60% of the 
theoretical. 

Preparation of 3-Hydroxy-6-methylmercaptocy- 
mene-2-carboxylic Acid.—Five milliliters of dimethy] 
sulfate was added dropwise to a solution of 10 Gm. 
of the mercaptan in 5 ml. of 10% NaOH. After 
stirring for three hours, the color changed from 
bright yellow to dark brown. Careful acidification 
of the solution with dilute HCl (1:1) produced a 
viscous mass which solidified, forming a brownish- 
white precipitate. When this was recrystallized 
from high boiling ligroin, yellow needle-like crystals 
formed, melting at 138-139°. The yield was 
7.64 Gm., corresponding to 72% of the theoretical. 

Anal.—Caled. for N.E., 240. Found: 
241 (Fig. 3). 

Preparation of Derivatives of the Mercaptan.— 
Metallic salts of the mercaptan were prepared by 
titrating weighed samples potentiometrically to the 
neutralization point of the carboxyl group and 
treating the resulting solution with an aqueous 
solution of the respective metallic ions. The de- 
rivatives were isolated and purified in the conven- 
tional manner. They were analyzed by potentio- 
metric titration to the neutralization point of the 
sulfhydryl group (Table I). 

The methyl and ethyl esters of the mercapto- 
acid were prepared through the silver salts, in the 
conventional manner. Analysis of them was con- 
ducted potentiometrically (Table I and Fig. 4).? 

Preparation of Salts of the Disulfide.—The silver 
and mercury salts of the disulfide were prepared by 
adding solutions of the respective metallic ions to 
samples of 6,6’-dithiobis(3-hydroxycymene-2-car- 


L.—DeRIVATIVES OF 3-HYDROXY-6-MERCAPTOCYMENE-2-CARBOXYLIC ACID 


Percentage Neutralization Equivalent 
Derivative Vield Calculated for Found 
Sodium 86.5 d. 160-164 CyHyO.SNa: 248.0 246.5 
Silver 92.0 >300 CynHyO.SAg: 332 325.0 
Barium 87.2 d. 200 (CyHwOsS),Ba: 293.7 295.2 
Cupric 93.0 165 d. (CiHysO3S)eCu: 245.0 247.1 
Zine 97.0 >300 pZn: 257.5 261.0 
Mercuric 85.0 ca. 200 d. (Cyn 325.0 323.0 
Ferrous 50.7 >300 (CuHyw0;S).Fe: 253.0 250 .0 
Methyl! 84.8 134-135 240.0 238.9 
Ethyl 89.5 95.5 CisH 03S: 254.0 253.0 


at melting point. 


o Letter “d’’ preceding figures indicates decomposition without melting, when following ‘figure it indicates decomposition 


TABLE II.—Satts or AcID) 


Salt % Yield m. p. °C.* Analysis Calculated for: % Found: % 
Silver 81.8 205 d. CwuHaOcSeAge: Ag, 32.48 32.54 
Mercuric 83.8 145 d. CeHy,OS.Hg: Hg, 30.94 31.26 
Salts of 3-Hydroxy-6-methylmercaptocymene-2-carboxylic Acid 
Silver 95.0 d. 135 CrHwO,SAg: Ag, 30.92 31.19 
Mercuric 89.9 139-142 (CwHyO,S)sHg: Hg, 29.56 29.63 
@ See Table 


' All neutralization equivalents (N. E.) were determined 
potentiometrically, using a Fisher Titrimeter fitted with elec- 
trode #9-312-31 for titration in nonaqueous media. 


* Only the curve for the titration of the methyl ester is 
a it is typical of that for all of the derivatives of 
the acid. 
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boxylic acid) which had been neutralized with 1 N 
NaOH in the presence of phenolphthalein. The 
reaction products were isolated and purified in the 
usual manner. The silver salt was analyzed by 
ignition, while the mercuric compound was analyzed 
by thiocyanate titration (Table II), 

Preparation of Salts of the Methylmercaptan.— 
The silver and mercury salts of the methylmercaptan 
were prepared and analyzed in the same manner as 
the corresponding salts of the disulfide (Table I1). 

Preparation of 3-Hydroxy-6-ethylmercurithiocy- 
mene-2-carboxylic Acid.—-A mixture consisting of 
1.13 Gm. (0.005 mole) of the mercaptan in 10 ml. of 
ethanol, 1.33 Gm. (9.005 mole) of ethyl mezcuric 
chloride* in 20 ml. of ethanol and 0.02 Gm. (0.005 
mole) of NaOH in 5 ml. of water was stirred for six 
hours. When the reaction mixture was poured into 
an excess of water, a yellow colloidal solution re- 
sulted. Heating on a water bath coagulated the 
precipitate so that it could be coilected on a filter. 
It was washed thoroughly with water and with 
alcohol to remove inorganic salts and unreacted 
mercaptan, respectively. The light yellow powder 
which remained was soluble in 5% NaHCoO;, but 
insoluble in alcohol and ether. It melted at 150- 
151°. The yield was 1.75 Gm., corresponding to 
77% of the theoretical. 

Anal.—Caled. for CisHwO;3SHg: Hg, 44.40%. 
Found: 44.83%. 


* Supplied through the courtesy of Eli Lilly & Company. 
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SUMMARY 


1. Three sulfur-containing acids have been 
prepared from o-thymotic acid, one of which is a 
mercaptan, another is a disulfide, and the third is 
a methylthio ether. 

2. Eleven metallic salts and two esters were 
prepared from the acids. 

3. 3-Hydroxy -6-ethylmercurithiocymene - 2 - 
carboxylic acid, an analog of merthiolate, was 
prepared. 

4. It has been demonstrated by potentio- 
metric titration that the sulfhydryl group at- 
tached to an aromatic nucleus is more strongly 
polar than the phenolic hydroxyl group. 
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A Study of Parenteral Oxytetracycline and 
Tetracycline* 


By M. KATZ}, O. KLIOZE, and S. Y. P’AN 


Oxytetracycline hydrochloride and tetracycline hydrochloride were compounded 
icto identical parenteral formulations with sodium glycinate or magnesium chloride 
or ascorbic acid. They both reacted similarly during potentiometric titrations of 
the sodium glycinate or magnesium chloride combinations. When administered 
intramuscularly, both oxytetracycline preparations were less irritating and better 
absorbed than their tetracycline equivalents and the magnesium chloride combina- 
tions were better than the sodium glycinate preparations. As ascorbic acid raises 
the pH at which tetracycline precipitates and acts as a buffer, it was used to provide 
some improvement for the tetracycline hydrochloride and magnesium chloride 
combination. All the parenteral formulations exhibited satisfactory dry and re- 
constituted stability properties. In most preparations, the oxytetracycline was 
more stable than the tetracycline. The intravenous preparations with ascorbic acid 
were compatible and stable with most parenteral fluids. 


and tetracycline (1) were orally effective so that 
they were readily available for the treatment of a 
large number of infections. An urgent need still 
existed, however, for suitable parenteral prepa- 
rations since simple solutions ot the hydrochloride 
salts were found unsatisfactory for injection. 
These aqueous solutions were unstable and the 
antibiotic precipitated soon after preparation. 


T WAS VERY FORTUNATE that the broad- 
spectrum antibiotics such as oxytetracycline 
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Their injection was painful and irritating. As 
oxytetracycline and tetracycline are most in- 
soluble at or near neutral pH ranges, the neutral- 
ization of the injected solution én vivo resulted in 
intramuscular deposition and poor absorption. 
Therefore, suitable nonirritating additives or 
buffering agents were needed to prevent or delay 
the in vivo precipitation of the antibiotic by the 
neutralizing body fluids. These adjuvants would 
have to be compatible with oxytetracycline and 
tetracycline in both dry powder blends and solu- 
tion, and would have to provide greater stability 
for the reconstituted solutions. Many formula- 
tions were prepared and tested before satisfactory 
parenteral dosage forms were obtained. Several 
of the key formulations in the development of 
these preparations are presented in Table I. 

The first successful oxytetracycline hydro- 
chloride intravenous preparation (Table I, 
A-OT) utilized sodium glycinate to produce a 
10 mg./ml. solution of pH 9.3 (2). With this 
same mixture (Table 1, B-OT) solutions of 33 
ing./ml. of oxytetracycline hydrochloride could 
be administered intramuscularly (3). Further 
studies resulted in the replacement of this formula 
by a less irritating and better absorbed muscular 
combination composed of oxytetracycline hydro- 
chloride and magnesium chloride (Table I, 
C-OT) which permitted the injection of 50 mg./- 
ml. of oxytetracycline at pH 1.3 (3, 4). A new 
intravenous combination of oxytetracycline hy- 
drochloride and ascorbic acid at pH 2.6 was also 
developed (Table I, D-OT) which had better 
stability and handling properties than the orig- 
inal sodium glycinate intravenous formula 
(Table 1, A-OT). 

When tetracycline was made commercially 
available in 1953, it was believed that its close 
chemical similarity to oxytetracycline would 
permit the preparation of identically formulated 
dosage forms. Similar intravenous preparations 
using sodium glycinate (Table I, A-T) and as- 
corbic acid (Table I, D-T) were compounded and 
a modification of the ascorbic acid formulation 
was found to be a satisfactory intravenous dos- 
age form (Table I, E-T). Contrary to our 
expectations, intramuscular preparations of tetra- 
cycline which were similar to those for oxy- 
tetracycline were found to be wholly unsatis- 
factory. Deposition and tissue irritation were 
noted with the sodium glycinate combination 
(Table I, B-T) and with the magnesium chloride 
combination (Table I, C-T). It was necessary 
to add ascorbic acid to the latter combination 
in order to obtain a non-irritating aqueous solu- 
tion of high concentration suitable for intra- 
muscular injection (Table I, ¥-T) (5). 
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Thus, it can be seen that formulas A-F of 
Table I represent the six key parenteral formula- 
tions of either oxytetracycline or tetracycline 
which have been made commercially available. 
In this study, all six formulations were prepared 
with both oxytetracycline as well as tetracycline. 
Potentiometric titrations of all 12 formulas have 
been performed as an in vitro method for ob- 
taining some insight into the different behavior 
in vivo of identical oxytetracycline and tetra- 
cycline formulations. Many of these prepara- 
tions have been injected intramuscularly and an 
evaluation has been made of the degree of 
absorption and irritation. These im vitro and in 
vive comparisons are presented in Table I. 
The dry and reconstituted stability data for 
these 12 parenteral dosage forms are presented 
in Table II. Table III presents the compatibility 
and stability data for the comercially available 
intravenous oxytetracycline (Table I, D-OT) 
and tetracycline (Table I, E-T) in combination 
with many of the commonly used intravenous 
fluids (6). 


EXPERIMENTAL 


Preparation of the Formulation.—Each of the 12 
formulas was made up in bulk at the beginning of 
the study and all subsequent samples were obtained 
from these initial blends. The same lots of each 
parenteral grade ingredient were used in the various 
preparations. 

Potentiometric Titrations.—Fifty-milliliter solu- 
tions containing 10 mg./ml. of oxytetracycline hy- 
drochloride or tetracycline hydrochloride in each 
of the parenteral formulations were titrated with 
either 0.56 N NaOH or HCl to #H 7.3. The amount 
of acid or alkali which caused precipitation as well 
as the precipitation H was carefully observed. 
Titrations were continued until the physiological 
pH of 7.3 was reached. The titration curves for 
oxytetracycline and tetracycline were practically 
identical. The curve for preparations containing 
ascorbic acid was linear to pH 5.5. Blank prepara- 
tions consisting of the adjuvants of each of the for- 
mulas without the antibiotics were also titrated. 
These results are presented in Table I. 

Intramuscular Injection.—Single 1-ml. doses of 
the preparations containing 50 to 100 mg./ml. of 
the antibiotic were injected into the hind limbs of 
rabbits. Repeated daily injections were made in 
dogs for five days. The animals were sacrificed 
and the muscles were carefully dissected and ex- 
amined for such signs as local tissue irritation, hem- 
orrhage, necrosis, and unabsorbed antibiotic. An 
arbitrary numerical scale was devised for describing 
the degree of irritation produced and the manner 
in which the antibiotic was absorbed. These values 
are presented in Table I. 

Reconstituted Stability.—The three intravenous 
formulations, A, D, E, were prepared at antibiotic 
concentrations of 10 mg./ml. while the three intra- 
muscular formulations, B, C, F, were prepared at 50 
mg./ml. Three samples of each of the 12 prepa- 
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rations were weighed into volumetric flasks. Dupli- 
cate assays were performed on the contents of each 
of the three flasks. Assays were performed at 
0, 6, 24, 48, and 72 hours on these solutions which 
were stored at 25°. The biological activity of oxy- 
tetracycline was followed by means of a turbidi- 
metric assay using K. pneumoniae as described by 
Kersey (7). The biological activity of tetracycline 
was followed by means of a similar assay using M. 
pyrogenes, var. aureus. The percentage retention 
of ‘biological activity is presented in Table II. The 
95% confidence limits of the means is +8.3%. 

Dry Powder Stability.—Closed samples of each of 
the 12 formulations were placed in a constant tem- 
perature oven at 50°. Biological assays were per- 
formed initially and at the end of six weeks. The 
pey cent retention of biological activity is presented 
in |Table II, 

{ntravenous Dosage Form Compatibility with 
Parenteral Fluids.—The ascorbic acid intravenous 
coinbinations of oxytetracycline hydrochloride 
(Table I, D-OT) and tetracycline hydrochloride 
(Table I, E-T) were diluted to the usual antibiotic 
concentrations of 1 mg./ml. and 0.1 mg./ml. with 
the 23 common parenteral fluids (6) listed in Table 
Il). All were examined after twenty-four hours 
storage at 25° for signs of precipitation. Several 
soljitions were assayed after six hours for retention 
of iological activity. The results of this study are 
presented in Table IIT. 


1-2 2-3 
3-4 3-4 


3-4 4-5 


1-2 2-3 


1-2 2 
E, Tetracycline (Tetracyn) 


yein) intravenous (discontinued). 
(2) almost complete, (3) moderate, (4) fair, (5) poor, 


A 


T 
D, antibiotic HCI 1.0, ascorbic acid 4.0; E, antibiotic 1.0, ascorbic acid 


6 Commercial preparations from which formulas were derived: 


Oxytetracycline (Terramycin) intramuscular. D, 


oT 
A I 


A, Oxytetracycline (Terram 


I 
Oxytetracycline (Terramycin) intravenous. 
(1) complete, 


A 


I 


OT 
A 
*A = Absorption: 


| RESULTS AND DISCUSSION 


Potentiometric Titrations and Intramuscular In- 
jections.—The oxytetracycline hydrochloride and 
tetracycline hydrochloride formulations with sodium 
glyrinate (A), pH 9.3, are rapidly neutralized in 
vitro to a pH of 7.3 by the addition of small amounts 
of acid. There was no precipitation of the antibio- 
tics which are usually insoluble at this pH range. 
As an easily broken buffer, which also acts to pre- 
vent precipitation, the amino acid salt should there- 
fore’ provide for minimum irritation and good ab- 
sorption. Oddly enough, only the oxytetracycline 
combination was found suitable for intramuscular 
adniinistration. Despite its similar in vitro be- 
havior, the tetracycline hydrcchloride-sodium gly- 
cinate combination was poorly absorbed in vivo, 
leaving deposits of tetracycline and causing muscle 
darkening and irritation. 

A similar situation was encountered with the 
majsmesium chloride combinations (C) where the 
antibiotics behaved similarly in vitro but differently 
in vivo. In this preparation, as well as in the others, 
the oxytetracycline and tetracycline titration curves 
were identical. The addition of small amounts of 
alkali rapidly raised the pH to about 5.8 where both 
antibiotics started to precipitate. The further 
addition of small amounts of alkali rapidly neutral- 
ized the solution. It should be noted that without 
additives, oxytetracycline and tetracycline usually 
precipitate at about pH 3.5, not pH 5.8. Therefore, 
the magnesium chloride materially changed the 
precipitation pH. However, its lack of buffering 
capacity means that in comparison to simple solu- 
tior.s of the antibiotics, very little additional alkali 
is needed to precipitate the antibiotics from their 
magnesium chloride solutions. Despite the low 
bufilering capacity, the unusual adjuvant and the 
in vitro appearance of a precipitate before neutraliza- 


= Tetracycline. 


(1) none, (2) very slight, (3) slight, (4) moderate, (5) marked, (6) severe. 


——-——-Jn Vivo—Intramuscular Administration (Absorption and Irritation) */ 
A 


—A,B 


¢ OT = Oxytetracycline. 


10.4 9.3 9.3 


10 
T 


-—-Control—. 


—Control 
T 
A 
A and B, antibiotic HCI 1.0, Na glycinate 0.9; C, antibiotic HCI 1.0, magnesium chloride 1.0; 


3.0; F, antibiotic HCI 1.0, magnesium chloride 1.0, ascorbic acid 2.5. 


B, Oxytetracycline (Terramycin) intramuscular (discontinued) 


intravenous. 


* Formula Compositions: 


F, Tetracycline (Tetracyn) intramuscular 
/ 1 = Irritation 


Formula*’ 
Antibiotic HCl, mg./ml. 


Antibiotic 


Tas_e I.—IN VitRO AND IN Vivo COMPARISONS OF PARENTERAL OXYTETRACYCLINE HYDROCHLORIDE AND TETRACYCLINE HYDROCHLORIDE FORMULATIONS 


ml. to precipitation pH 


ml. to pH 5.5 
ml. to pH 7.3 

1 X 50 mg./ml. 
1 X 100 mg./ml. 
5 & 500 mg./ml. 


Precipitation pH 

0.5 NaOH or HCl 
Amount administered 
(G) very poor. 


Initial pH 
Antibiotic 
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TaBLe II.—RECONSTITUTED SOLUTION AND Dry PowperR STABILITY OF PARENTERAL OXYTETRACYCLINE 
HYDROCHLORIDE AND TETRACYCLINE HYDROCHLORIDE FORMULATIONS 


-———Percentage Retention of Biological Potency of Reconstituted Solutions at 25°—— 


Antibiotic HCl, mg./ml. — 10 50 50 10 10 50 
Antibiotic — oT T oT T oT T oT T OT 
Time in hours 

0 100 100 100 100 100 100 100 100 +100 100 100 
6 99 98 . 684 106 «98 108 102 102 100 88 100 
24 100 86 91 80 91 93 91 86 99 8&2 
48 75 7? 97 89 65 102 74 75 
72 77 7 79 94 60 89 62 78 5&7 

———-Percentage Retention of Biological Potency of Dry Powder Blends at 50° —-_—. 

Antibiotic OT T OT = OT T OT T OT T 
Initial 100 100 100 100 100 100 100 100 100 
102 102 100 «(96 


Six weeks at 50° 102 93 


by See footnotes, Table I 


106 97 102 95 


TasBie III.—CoMmPATIBILITY AND STABILITY OF INTRAVENOUS OXYTETRACYCLINE HYDROCHLORIDE AND 


TETRACYCLINE HYDROCHLORIDE WITH COMMON PARENTERAL FLUIDS 


24 Hours— 
25° 


Antibiotic Concentration, mg./ml. 1.0 

Parenteral Fluids 
Water for injection 
. Water for injection + dextrose, 5% 
Water for injection and levulose, 10% 
. Isotonic sodium chloride 
. Isotonic sodium chloride + dextrose, 5% 
. Isotonic sodium chloride + dextrose, 
5%, + alcohol 
Ringer's solution 
. Ringer’s solution + dextrose, 5% 
. Ringer's solution, lactated 
solution, lactated + dextrose, 

5% 

11. Normal human plasma 

12. Dextran, 6% 

13. PVP, 3.5% 

14. Insulin, regular, 40 u./ml. 

15. Sulfadiazine sodium, 5% 
Protein Hydrolysate Solutions 

16. Parenamine* 

17. Amigen/’ 

18. Amigen + dextrose, 5% 
Multivitamin Infusions 

19. Verclysyl (B-complex + dextrose, levu- 

lose 

20. Folbesyn* 

21. Folbesyn + dextrose, 5% 

22. Folbesyn + dextrose, 5%, in Ringer’s 

solution, lactated 
23. Folbesyn + dextrose, 5%, + alcohol 


SOON 


L+++++ ++4+4+4 


+++ 


++ +++ 


yo Terramycin intravenous (Chas. Pfizer & Co). 6 Tetracyn intravenous (Chas. Pfizer & Co.) e 
@ — = Precipitation. ¢ Winthrop-Stearns, Inc. / Mead-Johnson & Co. #% Abbott Laboratories. + 


Division, American Cyanamid Co. 


tion is achieved, the oxytetracycline hydrochloride— 
magnesium chloride combination proved to be even 
better tolerated in vivo, and at higher concentrations, 
than the sodium glycinate combination which did 
not precipitate in vitro. The equivalent tetra- 
cycline hydrochloride—magnesium chloride combina- 
tion with similar in vitro properties was again found 
unsatisfactory in vivo since it deposited tetracycline 
and caused necrosis and abscess formation. 

Since the oxytetracycline and tetracycline formu- 
lations responded similarly in vitro to the adjuvants 


Oxytetracycline HCl, 1*; 
-Ascorbic Acid, 
Compatibility Stability 


Tetracycline HCl, 
Ascorbic Acid, 3———— 
Compatibility Stability 
% Activity, 
6 Hours— 


Activity, 
6 Hours— 24 Hours— 
25° 25° 25° 
0.1 1.0 0.1 1.0 0.1 1.0 0.1 


93 81 97 86 


98 90 


97 91 
82 95 


+444 +4+4+4+4+ 
+444 
+4+4++ 


+++ 
+++ 
+++ 


++ +++ 
++ +++ 


+ 
+ 
+ = Clear Solution 
Lederle Laboratories 
which were used, it would seem that the explanation 
for the superiority of oxytetracycline in vive would 
lie either in an inherent empirical advantage for 
biological absorption or in some complex behavior 
with the additives in which tetracycline cannot 
participate. 

The D and E formulations were prepared by the 
addition of four or three parts of ascorbic acid to one 
part of antibiotic. These strongly buffered prepa- 
rations were found to be suitable for intravenous 
use, but were unsatisfactory for intramuscular use. 
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In vitro tests showed that although strongly buf- 
fered, oxytetracycline still precipitated at a rela- 
tively low pH and after the addition of relatively 
small amounts of alkali. On the other hand, the 
tetracycline combinations precipitated at about one 
pH unit higher than the equivalent oxytetracycline 
preparations. In such a highly buffered system, 
this meant a pronounced increase in the amount of 
alkali needed to cause precipitation. Jn vivo, this 
might provide a sufficiently long delay of precipita- 
tion so that adequate tetracycline absorption could 
take place. Utilization of this unique behavior of 
tetracycline hydrochloride with ascorbic acid in the 
previously unsuccessful magnesium chloride prepa- 
ration provided a satisfactory tetracycline intra- 
muscular dosage form (F). Even with the greatly 
increased buffering capacity, this preparation is still 
not as good as the unbuffered magnesium chloride- 
oxytetracycline hydrochloride intramuscular for- 
mula, especially after repeated administration (5). 
It seems that the provision of buffering capacity 
against precipitation can aid in promoting absorp- 
tion but is not solely responsible for it. 

Important in vivo and in vitro differences in the 
behavior of the very closely chemically related oxy- 
tetracycline and tetracycline have been demon- 
strated. Although both the sodium glycinate and 
magnesium chloride preparations behaved in a 
similar manner in vitro, the oxytetracycline com- 
binations were far superior in vivo from the stand- 
point of both absorption and lack of irritation. On 
the other hand, the ascorbic acid preparations be- 
haved differently in vitro, the precipitation of tetra- 
cycline being selectively delayed. The addition of 
ascorbic acid, therefore, provided some improve- 
ment in the tetracycline hydrochloride—magnesium 
chloride preparation. The unbuffered oxytetra- 
cycline hydrochloride—magnesium chloride prepara- 
tion is still superior in vivo to the tetracycline dosage 
form. 

Reconstituted Stability.—The commercially avail- 
able preparations are dry powder blends which are 
dissolved in a sterile aqueous vehicle just before 
being used. As can be seen from Table II, all of 
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these preparations retained at least 80% of their 
biological activity during the first twenty-four- 
hour storage at room temperature, which is far be- 
yond their usual use period. Although never used 
after such a long storage period, stability studies 
were continued for seventy-two hours. In the mag- 
nesium chloride and the ascorbic acid combinations, 
the oxytetracycline formulations are more stable 
than the equivalent tetracycline preparations. The 
sodium glycinate combinations are no longer being 
prepared. 

Dry Powder Stability.—As can be seen from Table 
III, the various dry powder blends used in the 
parenteral formulations retain more than 93% of 
their activity after storage for six weeks at 50°. 
Other studies indicate that stability is retained for 
even longer periods of time. In our experience, 
four weeks’ storage at 50° has been considered 
equivalent to storage at 25° for one year. 

Intravenous Dosage Form Compatibility with 
Parenteral Fluids.—As can be seen from Table 
III, these combinations are suitable for intravenous 
drip therapy. The intravenous oxytetracycline 
and tetracycline dosage forms are physically com- 
patible with all of the common intravenous fluids 
tested except the alkaline sodium sulfadiazine solu- 
tion. In the six solutions which were assayed, 
over 80% of the biological activity was retained for 
six hours. 
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Screening Some Thiuram Disulfides and Related 
Compounds for Acute Toxicity and 
Antabuse-Like Activity” 


By BYRON A. BARNES} and LAURETTA E. FOX 


The acute toxicity of a series of thiuram di- 
sulfides and related compounds was deter- 
mined in mice and the compounds were 
screened for their power to induce acetalde- 
hydemia in rabbits. Results were based 
on a comparison of the compounds with 


p= THE PAST DECADE there has been an 

ever increasing awareness of the condition 
known as alcoholism. It has been generally 
conceded that the problems connected with this 
condition have been considerably lessened with 
the advent of a drug known as disulfiram [bis- 
(diethylthiocarbamy1) disulfide, previously 
called tetraethylthiuram disulfide ]. 

Disulfiram in itself is not completely innocuous. 
Numerous side effects have been reported (1) but 
the majority of these are controlled by antihista- 
mines or by decreasing the dosage (2). Two re- 
maining toxicities of disulfiram which are of a 
more serious nature manifest themselves as a 
psychosis (3) or a marked cardiac decompensa- 
tion (4). 

It was therefore the purpose of this investiga- 
tion to evaluate some derivatives and compounds 
closely related to disulfiram in the hope that they 
might possess the same desirable qualities of 
disulfiram, while omitting the undesirable side 
effects and toxicities. Due to the limited quan- 
tity of the chemicals tested this work was con- 
fined to determining the acute toxicity (LDso) in 
mice and the power to induce acetaldehydemia 
in rabbits. 

In spite of literature reports to the contrary 
(5-7), the credit for first suggesting the use of 


thiuram disulfide derivatives as a therapeutic agent 
for alcoholism must go to an American physician 


* Received May 5, 1955, from the College of Pharmacy, 
University of Florida, Gainesville. 

Presented to the Scientific Section, A. Pa. A., Miami 
Beach meeting, May 1955. 

Abstracted in part from a dissertation submitted to the 
Graduate School of the University of Florida by Byron A. 
Barnes in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy. 

“Fellow of the American Foundation for Pharmaceutical 
Education. Present address: School of Aviation Medicine, 
Gunter Air Force Base, Montgomery, Alabama. 

Acknowledgment is given to Sharples Chemicals, Inc., 
The Goodyear Tire and Rubber Co., and Monsanto Chemical 
Co. who supplied the compounds used 

We are also indebted to Dr. W. M. Lauter, Professor of 
Pharmaceutical Chemistry, University of Florida for his aid 
with chemical techniques and his assistance in obtaining a 
sumber of the compounds tested. 


756 


rather than Danish workers. Williams reported in 
1937 (8), some eleven years prior to the Danish re- 
port, that he had observed the disulfiram-alcohol 
syndrome and described the reaction in some detail. 
Because the toxic actions observed were attributed 
to the production of carbon disulfide, Williams’ sug- 
gestions were not pursued. 

Therefore, it was not until 1948 that the Danish 
investigators, Hald and Jacobsen (5), reported ex- 
periments with tetraethylthiuram disulfide in which 
they found that persons who ingested this substance 
and then consumed alcohol showed symptoms which 
differed quantitatively and qualitatively from the 
common findings of alcoholic intoxication. In the 
latter case the symptoms produced were ascribed to 
an abnormal accumulation of acetaldehyde in the 
blood. 

Later Hald, Jacobsen, and Larsen (9) investi- 
gated a number of compounds related to disulfiram 
and reported their power to increase blood acetalde- 
hyde in rabbits and their acute toxicity in mice. 


PROCEDURES 


Determination of Acetaldehyde.—The method of 
Burbridge, Hine, and Schick (10) was employed for 
the determination of acetaldehyde in the blood. A 
standard curve was determined on the Beckman 
DU spectrophotometer at a wavelength of 224 my 
with a slit width of 0.86 mm. When these data were 
plotted, a linear relationship was shown to exist be- 
tween the absorbance and concentration. 

A Conway-type microdiffusion unit was employed 
in the determination. A cell of 6.8 cm. outside 
diameter with an inner concentric chamber 3.5 cm. 
in diameter proved satisfactory for the 2-ml. samples 
used. 

Samples of 2 ml. of blood were withdrawn from 
the right ventricle of the rabbit's heart and the pro- 
cedure of Burbridge, Hine, and Schick was followed. 

Preparation of Thiuram Disulfides.—Bis(3- 
methyl-piperidinothiocarbonyl) disulfide was syn- 
thesized from 2-methylpiperidine and carbon disul- 
fide by the general method employed by The Good- 
year Tire and Rifbber Company in the preparation 
of thiuram disulfides (11). A molar equivalent of 
sodium hydroxide was added to one molar equivalent 
of 2-methylpiperidine in water. The mixture was 
cooled in an ice bath and a molar equivalent of 
carbon disulfide was slowly added with constant 
stirring. When the latter had reacted completely 
to yield a clear yellowish solution, the solution was 
heated to 30-40° and oxidized by treating with a 
one-half molar equivalent of ammonium persulfate 
dissolved in water. The product was filtered and 
washed with water to purify. The other compounds 
and their physical constants were supplied by several 
chemical companies as noted in the acknowledg- 
ments. 
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Determination of LDw.—The LDs was deter- 
mined by intraperitoneal administration of an aque- 
ous suspension of each compound to Swiss mice 
of randomly mixed sex. The compounds were 
mixed with aluminum monostearate in a concentra- 
tion of 1000: 1 and then suspended with the aid of 2% 
methylcellulose (4000) in water. 

The percentage of mice killed in 72 hours was re- 
corded. A minimum of thirty mice in three groups 
was used and the LD» and standard error were cal- 
culated by the method of de Beer (12). 

Determination of Anesthesia Time.—The pro- 
longation of thiopental anesthesia was investigated 
in male Sprague-Dawley rats and of hexobarbital 
anesthesia, in Swiss mice. Thiopental (Pento- 
thal® Sodium, Abbott) was injected intraperitone- 
ally into rats and the duration of anesthesia was 
recorded prior to and twenty-four hours following 
the oral administration of the compounds tested. 
Hexobarbital Sodium (Evipal® Soluble, Winthrop) 
was injected intraperitoneally into Swiss mice and 
the duration of anesthesia was recorded prior to and 
twenty-four hours after the oral administration of 
the compounds being tested (13). Duration of 
anesthesia was recorded from the loss of the righting 
reflex until the animais righted themselves and drew 
their hind feet under the body into a normal sitting 
position (14). 


EXPERIMENTAL 


Materials.—The amount of work was limited by 
the quantity of the compounds available. One com- 
pound was synthesized in this laboratory, but the 
majority were of a more complex nature and syn- 
thesis was impossible due to limited facilities. 

For brevity, serial numbers T-1 to T-13 have 
been employed to designate the compounds. The 
names of the compounds with their corresponding 
serial. numbers are listed as follows: 


Bis(diethylthiocarbamy]) disulfide T-1 
Bis(2-ethylpiperidinothiocarbony]) disulfide T-2 
Bis( pyrrolidinothiocarbony]) disulfide T-3 
Bis(morpholinothiocarbony]) disulfide T-4 
Bis(di-2-methylallylthiocarbamy]) disulfide T-5 
Bis(diisobutylthiocarbamy]) disulfide T-6 


Bis(3-methylpiperidinothiocarbony]) disulfide T-7 
Diethylthiocarbamyl dimethylthiocarbamy] 


sulfide T-8 
Dicylohexylthiocarbamy] diethylthiocarbamy] 

sulfide T-9 
Bis(dipropylthiocarbamy]) sulfide T-10 
Bis(dibutylthiocarbamy]) sulfide T-11 
Dimethylthiocarbamy! piperidinothiocarbony] 

sulfide T-12 
Dimethylthiocarbamy! morpholinothiocar- 

bony! sulfide T-13 


Normal Acetaldehyde.—Since some question had 
arisen as to whether acetaldehyde is a normal 
metabolic product (15), a series of rabbits was 
checked for the presence of this compound. 

Animals were selected from the group at random 
and in no case was the presence of acetaldehyde 
demonstrable. 

Relationship of Alcohol Dosage and Acetaldehyde 
Concentration.—Rabbits were administered oral 
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0 Gm. per Kg. Blood samples were taken after 
ne-half-, one-, and two-hour intervals and the 
determined. 

Acetaldehyde concentrations for the three dosage 
levels proved to be quite similar. It was decided 
that a dose of alcohol corresponding to 1.5 Gm./Kg. 

as adequate for future determinations and that 
ood samples should be drawn no later than one 

ur following the alcohol administration (16). 

Relationship of Disulfiram Dosage and Acetalde- 

de Concentration.—Due to a limited supply of 

mpounds to be tested, it was necessary to deter- 
mine a minimal effective dose of disulfiram to use 
as a criterion in their evaluation. 

| Single oral doses of 0.25 and 0.50 Gm. of disul- 
firam per Kg. were administered twenty-four hours 
prior to the oral administration of the selected 
alcohol dosage and acetaldehyde determined after 
one hour. 

Although a slightly higher acetaldehyde concen- 
tration was obtained with the larger dose of disul- 
firam, the amount achieved with the 0.25 Gm. per 
Kg. dose was sufficiently high for the comparative 
purposes desired in this problem. 

Toxicity and Disulfiram Effect of Compounds 
Tested.—A single dose of the compound was given 
as a finely ground suspension by stomach tube to 
rabbits weighing from 1.5 to 3.0 Kg. 

The alcohol (1.5 Gm./Kg.) was given by stomach 
tube and followed immediately by an equal volume 
of water. Alcohol was administered twenty to 
twenty-tour hours after the compound. 

Blood samples were taken one hour after alcohol 
administration and acetaldehyde determined. 

Only one substance was tested in each rabbit and 
rabbits were not used again until after a one-week 
interim. 

A disulfiram-treated control rabbit was run con- 
currently with the rabbits receiving the other com- 
pounds to assure uniformity of results. The amount 
of acetaldehyde observed in the control rabbit was 
assigned the arbitrary value of ‘‘one’’ and the com- 
parative disulfiram effect of the other compounds 
calculated from this. 

A statistical analysis of the acetaldehyde concen- 
trations of the blood after treating the animals with 
disulfiram and the other compounds tested showed 
that there was more variation between than within 
the groups. The compounds and results are recorded 
inTable I. 

Effect of Ascorbic Acid on Acetaldehyde Produc- 
tion.—The role of vitamin C in alcohol metabolism 
is unknown (17) but it has been shown that guinea 
pigs fed on a scorbutogenic diet showed an alcohol 
metabolism rate about half of that seen in normal 
control animals (18). 

An experiment was designed to show any effect 
that massive doses of ascorbic acid might produce 
in the alcohol metabolism of rabbits which were 
under treatment with disulfiram. 

Two series of rabbits were administered doses of 
50 to 100 mg. of ascorbic acid, respectively, for four 
days. Disulfiram was administered to several of 
the rabbits on the third and fourth day. Controls 
received ascorbic acid alone, disulfiram alone, and 
no premedication prior to the administration of 
alcohol. 


ir of ethyl alcohol corresponding to 0.5, 1.5, and 


} 
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Errect AND ACUTE 
Toxicity or Compounps TESTED 


Melting Disul- 


Point 
(°C.) (Gm./Kg.) 

71 65 + 0.02 
95-100 : 2.23+0.01 
128-130 45 + 0.02 
143-144 49 + 0.08 
90-91 58 + 0.03 
70.5-71.5 91 + 0.02 
48 + 0.05 
12 36 + 0.05 
13. 2.57 +0.05 
30 05 + 0.06 

3 0.98 >5 
4 0.98 71+0.10 
4 0.838 0.37 +0.04 


oe 


139.5-141.5 


* Specific Gravity—compounds occur as liquids 


No significant difference was observed between 
animals receiving the disulfiram and those receiving 
ascorbic acid plus disulfiram. Rabbits that re- 
ceived only ascorbic acid failed to show any increase 
in acetaldehyde production over the normal. 

Prolongation of Thiopental Anesthesia.—In view 
of the fact that disulfiram is known to potentiate 
markedly thiopental anesthesia in rats and mice 
(19-21), it was decided to test several of the more 
promising disulfiram derivatives for similar action. 

Groups of ten selected young male rats weighing 
between 120 and 160 Gm. were injected intraperi- 
toneally with 20 mg. of thiopental per Kg. and the 
mean anesthesia time recorded under Trial Anes- 
thesia Time in Table II. After four days the ani- 
mals were administered an oral dose of 0.25 Gm. of 
T-1, T-6, T-9, and T-11 per Kg. Twenty-four 
hours following this dose, the intraperitoneal injec- 
tion of 20 mg. of thiopental per Kg. was repeated 
and the anesthesia time again was recorded. Re- 
sults are recorded in Table II. 


Tas_e I1.—-THIOPENTAL ANESTHESIA 
POTENTIATION 


Trial Anesthesia 
Anesthesia Time after 

Time, Compounds, 

min. min. 


Value* 
1.41 
4.32 
3.42 
3.96 
4.18 


Compound 
None (control) 70 73 
T-l 80 208 
T-6 78 128 

- 85 108 

75 43 


aur values of 2.0 greater indicate significant differences. 


TABLE III 


Trial Anesthesia 


Anesthesia Time after 

Time, Compound, 
Compound sec. sec 
None (control) 86 &1 
T-1 80 125 
T-6 89 103 
T-9 99 
T-ll 92 45 

= “T" values of 2.0 or "greater indicate significant dif- 

ferences. 
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Groups of Swiss mice, randomly selected as to sex 
and weight, were injected intraperitoneally with 50 
mg. of hexobarbital sodium per Kg. and the mean 
anesthesia time determined (Table III). After four 
days the mice were administered an oral dose of 
0.25 Gm. of T-1, T-6, T-9, and T-11 per Kg. of body 
weight. Twenty-four hours following this dose the 
intraperitoneal injection of 50 mg. of hexobarbital 
sodium per Kg. was repeated and the anesthesia 
time again recorded. 


SUMMARY AND CONCLUSIONS 


1. Acetaldehyde could not be demonstrated 
as a component of normal metabolism. 

2. Ascorbic acid showed no effect on alcohol 
metabolism. 

3. Ascorbic acid did not affect the ability of 
disulfiram to inhibit the metabolism of acetal- 
dehyde. 

4. From these limited experiments some re- 
lationships of chemical structure to disulfiram 
effect and toxicity can be conjectured: (a) The 
sulfides tested produced a larger disulfiram effect 
than did their disulfide analogs. No difference in 
the toxicity of these compounds was discernible. 
(b) Increasing the length of the terminal chains of 
the symmetrical thiuram sulfides and disulfides 
caused a progressive decrease in activity and 
toxicity. (c) In the symmetrical thiuram sul- 
sulfides and disulfides replacement of a piperidine 
with a pyrrolidine resulted in increased activity. 
(d) Substitution on the beta carbon gives more 
activity than substitution on the alpha carbon. 
(e) Increasing the number of carbons in this sub- 
stitution causes decreased activity and toxicity. 
(f) .Unsymmetrical thiuram sulfides and di- 
sulfides give an intermediate effect and toxicity to 
those of their symmetrical homologs. (g) Re- 
placement of piperidine with morpholine on the 
basic structure results in decreased activity with 
little or no effect on toxicity. (h) Substitution of 
diethylamine with piperidine results in only 
slight decreases in activity concurrent with cor- 
respondingly large decrease in toxicity. (i) Re- 
placing diethylamine with dicyclohexylamine 
shows no difference in activity but a decrease in 
toxicity. 

5. The presence of two amino groups on the 
basic nucleus seems essential for action as does 
the presence of double-bonded sulfur groups. 

6. The S—S linkage in the compounds tested 
does not serve as the inhibiting part of the mole- 
cule. 

7. The best explanation for the thiuram 
effectiveness in inhibiting acetaldehyde metab- 
olism seems to be that the group >C=S is linked 
to the enzyme molecule in competition with the 


Com- 
pound ab. 
T-1 
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substrate, but in order to have a sufficiently high 
affinity for the enzyme a substituted amino group 
must be present in the molecule. 

8. Bis(diethylthiocarbamyl) disulfide, _bis- 
(dibutylthiocarbamy]) sulfide, and bis(diisobutyl- 
thiocarbamyl) disulfide when previously ad- 
ministered to rats or mice caused a prolongation 
of thiopental or hexobarbital anesthesia while 
dicyclohexylthiocarbamyl _diethylthiocarbamy1 
sulfide decreased thiopental and hexobarbital 
anesthesia time. 

9. Toxic manifestations in the dosages ad- 
ministered were rarely noted but when observed 
were characterized by lacrimation, salivation, 
depressed respiration and toxic convulsions. 
Death when it occurred was due to respiratory 
paralysis. 

10. The largest percentage of deaths in mice 
used to determine the LDy dosage occurred dur- 
ing the first twelve hours following administration 
of the drug. 

ll. Since dicyclohexylthiocarbamyl diethyl- 
thiocarbamyl sulfide, bis(dibutylthiocarbamyl) 
sulfide, and bis(diisobutylthiocarbamyl) disul- 
fide show a disulfiram effect about equal to di- 
sulfiram itself and are less toxic acutely than di- 
sulfiram as shown by the LD determination, it is 
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suggested that further investigation of these com- 
pounds would be worthwhile. 
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A Nonaqueous Titration Assay for 
Sodium Carboxymethylcellulose* 


By CATHERINE N. SIDERI and ARTHUR OSOL 


Sodium carboxymethylcellulose may be as- 
sayed for its content of sodium by titration, 
following heating with glacial 
acetic acid, with 0.1 N perchloric acid. 


N CONNECTION with the developinent of speci- 
fications for sodium carboxymethylcellulose, 
which was admitted to U. S. P. XV in recognition 
of its pharmaceutical utility as a suspending and 
dispersing agent, the question of its assay arose. 
A tentative monograph for this substance, when 
it was under consideration for admission to the 
N. F., included an assay in which copper carboxy- 
methylcellulose is precipitated and weighed, the 
amount of copper in this precipitate determined, 
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and from these data the content of sodium car- 
boxymethyleellulose calculated. The method is 
lengthy and troublesome and, in the hands of one 
inexperienced in the assay, likely to give results of 
poor accuracy and precision. It seemed that a 
determination of sodium by titration with per- 
chloric acid, in a medium of glacial acetic acid, 
might serve the purpose of providing the basis for 
an assay. 

Sodium carboxymethylcellulose is supplied in 
two substitution levels and several viscosity 
types for each level. By substitution level, also 
referred to as degree of substitution, is meant the 
number of carboxymethyl groups introduced 
into each anhydroglucose unit. The maximum 
theoretical substitution is 3; the product most 
frequently used for pharmaceutical purposes has 
a substitution of 0.7 (with a range of 0.65 to 0.85) 
and is of medium viscosity type. Products with 
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a substitution of 1.2 are also available but are 
generally not used for pharmaceutical formula- 
tions. 

In this investigation samples of different lots 
of the type of sodium carboxymethylcellulose de- 
scribed above were assayed for sodium by direct 
titration with 0.1 N perchloric acid following a 
period of digestion of the sample with glacial 
acetic acid; analyses were also performed by 
titration with the same solution and in the same 
medium after igniting the sample. The results of 
these determinations were compared with others 
obtained by weighing of sulfated ash and also of 
an indirect determination of sodium based on 
calculation of the degree of substitution as found 
in the copper precipitation method referred to 
above. 


EXPERIMENTAL 


Direct Titration of Sodium Carboxymethylcellu- 
lose.—About 500 mg. of sodium carboxymethyl- 
cellulose was heated with 80 ml. of glacial acetic acid 
for 20 minutes on a boiling water bath, the mixture 
cooled to room temperature, and titrated with 0.1 
N perchloric acid in dioxane (1), the end point being 
determined potentiometrically. Each ml. of 0.1 N 
perchloric acid is equivalent to 2.299 mg. of Na. 
The content of Na was calculated on the dried basis 
(sample heated at 105° to constant weight). 

Titration Following Ignition of Sample.—About 
500 mg. of sodium carboxymethylcellulose was 
ignited in a platinum dish over a low bunsen flame 
until a white residue was obtained, the cooled residue 
being moistened periodically to facilitate oxidation 
of carbonaceous material. The residue was dis- 
solved in 80 ml. of glacial acetic acid and titrated as 
in the preceding method. 

Determination of Sulfated Ash.—About 2 Gm. of 
sodium carboxymethylcellulose was ignited as de- 
scribed in the preceding method, the residue mois- 
tened with sufficient sulfuric acid (1 + 1) to moisten 
the sample, the excess acid evaporated over a low 
bunsen flame, and the residue finally heated in a 
muffle furnace at 750° for 30 minutes and weighed 
when cool. This residue is almost entirely Na,sSO, 
but it does contain small amounts of other sub- 
stances. This method is employed in the industry 
as an estimate of the sodium content of sodium 
carboxymethylcellulose. 

Copper Precipitation Methed.—This method has 
been described by Goldstein (2). In calculating the 
result of this determination the degree of sub- 
stitution is first calculated; from this information it 
is possible to calculate the per cent of sodium by the 
formula: 
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23 D.S. X 100 
162 + 80 DS. 


in which D.S. is the degree of substitution, 162 is the 
molecular weight of the repeating unit (CsH.O;) 
of anhydroglucose, and 80 is the increase in mo- 
lecular weight in replacing the hydrogen of a hy- 
droxyl by —CH,COONa. 

The results of the assay of three different lots of 
sodium carboxymethyleellulose having an average 
degree of substitution of 0.7 and of medium vis- 
cosity type (the product designated CMC-70 
Medium!) appear in Table I. 


%Na= 


TABLE I.—DETERMINATION OF SopruM IN SoDIUM 
CARBOXYMETHYLCELLULOSE 


Sample 
Cc, 


Titration following 
ignition 
Sulfated ash 


Copper precipitation? 


NO@NANNN 


* These results were obtained on samples heated 3.5 hours 
with glacial acetic acid before titrating with 0.1 N perchloric 


acid. 

6 We are indebted to Dr. R. W. Eyler of the Hercules 
Powder Company for data on the degree of substitution of 
these samples. 


DISCUSSION 


From Table I it is apparent that sodium in sodium 
carboxymethylcellulose may be titrated with 0.1 NV 
perchloric acid in a medium of glacial acetic acid 
to give results which are approximately the same 
or slightly lower than the resuits calculated from 
the tedious copper precipitation method. Some- 
what higher results are obtained if the organic 
matter is ignited prior to titration, probably be- 
cause when the titration is performed directly some 
of the sodium carboxymethylcellulose escapes inter- 
action in the disperse system that is formed. The 
results of the sulfated ash determination, expressed 
in terms of sodium, are higher than by any other 
method; we have found in the sulfated ash some iron 
and it is possible that other substances besides so- 
dium sulfate are present. 
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The Identification of Antihistaminic Agents’ 


By ARTHUR OSOL and CATHERINE N. SIDERI 


The characteristic reactions of thirteen anti- 

histaminic agents with sulfuric acid, before 

and after dilution with water, serve to differ- 
entiate and identify each substance. 


HE IDENTIFICATION of specific antihistaminic 
compounds has become rather a problem now 
that so many different ones have come into use 
as therapeutic agents. A variety of tests has 
been utilized for identification purposes, includ- 
ing formation of slightly soluble picrates or 
reineckates; sometimes specific identification is 
possible through determination of melting points 
of such derivatives. The melting points of the 
antihistaminic substances themselves may serve, 
of course, to identify them. There are also vari- 
ous qualitative reactions which are applicable to 
antihistamines (and other compounds) which 
contain certain moieties. Thus, Jones and Brady 
(1) found that compounds containing a N-(2- 
pyridyl) group may be detected and also quanti- 
tatively assayed by opening the pyridine ring 
with cyanogen bromide and coupling the deriva- 
tive with aniline to form a colored complex. 
Feldstein and Klendshoj (2) utilized the reaction 
of 2-thiobarbituric acid with thonzylamine as the 
basis for colorimetric estimation of the latter; 
this reaction is specific for the pyrimidine group 
with a substituent in the 2-position and with the 
4-, 5-, and 6-positions unsubstituted. Ultra- 
violet absorption characteristics may also be 
utilized to identify and estimate quantitatively 
various anthistaminic agents (3). All these 
methods, however, while very useful in labora- 
tories where the required reagents and instru- 
ments are available, are of little use in the many 
situations where identification of an antihista- 
mine may be required and where only common 
reagents and laboratory facilities are at hand. 
Sulfuric acid is one of the most useful of re- 
agents for identification of organic compounds, 
forming with many substances colored deriva- 
tives which often vary sufficiently in the quality 
and intensity of color to permit of differentiating 
the substances. The U. S. P. XIV utilized the 
reaction with sulfuric acid, prior to and after 
dilution with water, to differentiate between 
diphenhydramine hydrochloride and _tripelen- 
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namine hydrochloride. “New and Nonofficial 
Remedies”’ specifies variants of this test to dif- 
ferentiate and identify certain histamine-antago- 
nizing agents recognized by the Council on 
Pharmacy and Chemistry of the American Medi- 
cal Association. Color reactions produced by 
certain antihistamines with various acids, also 
with other reagents, have been described in a 
series of papers by Auterhoff (4). 

After experimenting with many variants of 
tests which have been described or suggested! we 
found that the response obtained with sulfuric 
acid, before and after dilution with water, ap- 
plied to a considerably more dilute solution of 
anthistamine in sulfuric acid than previously 
employed, served to differentiate and identify 
many antihistamines, notably those which have 
been admitted to U.S. P. XV. In particular the 
colors developed at a concentration of 5 mg. of 
antihistamine per ml. of sulfuric acid are much 
more characteristic of individual antihistamines 
than when higher concentrations are used; also, 
dilution with 4 volumes of water produces changes 
which are more marked than when a smaller 
proportion of water is added. 


EXPERIMENTAL 


All antihistaminic agents were treated as follows: 
A solution of 25 mg. of the compound in 5 ml. of 
U. S. P. sulfuric acid was prepared and the color 
noted over a period of about two minutes; the solu- 
tion was then diluted with 20 ml. of water, and the 
changes which occurred were observed for about 
two minutes. In the case of antazoline hydro- 
chloride, which is one of two compounds which 
failed to produce color with sulfuric acid, a similar 
test using nitric acid was employed; antazoline is 
the only antihistamine of the series studied which 
gives the reactions described hereunder. The fol- 
lowing responses were obtained with the different 
compounds. 

Antazoline (Antistine® ) Hydrochloride.—As noted 
above a colorless solution is produced with sulfuric 
acid, no change occurring on dilution. With nitric 
acid a deep red color is produced initially, no ap- 
parent change occurring on dilution. 

Chlorcyclizine (Diparalene, Perazil®) Hydrochlo- 
ride.—A brilliant yellow color is produced initially; 
on dilution a clear, colorless solution is obtained. 

Chlorothen (Tagathen®) Citrate.—A dark red 
color forms initially; on dilution the color is dis- 
charged but a brown precipitate is produced. 


! We are indebted to Dr. Joseph Rosin for helpful sugges- 
tions. 
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Chlorpheniramine (Chlor-Trimeton®) Maleate.— 
The initial colorless solution remains so on dilution 
with water (unlike antazoline hydrochloride this 
compound remains colorless with nitric acid). 

Diphenhydramine (Benadryl* ) Hydrochloride.— 
A deep orange-red color forms initially; on dilution 
the color is discharged but a white turbidity de- 
velops. 

Doxylamine (Decapryn®) Succinate.—A light 
yellow color forms initially; on dilution a clear, 
colorless solution is obtained. 

Methapyrilene (Histadyl, Thenylene®) Hydro- 
chloride.—A pronounced orange-brown color forms 
initially; on dilution the color changes to greenish 
yellow, and a slight turbidity develops. 

Phenindamine (Thephorin®) Tartrate.—The 
initial orange-brown color is discharged on dilution, 
leaving a clear solution. 

Pyrathiazine (Pyrrolazote®) Hydrochloride.—A 
pink color is produced momentarily, changing to 
brownish orange; on dilution no apparent change 
occurs and the solution remains clear. 

Pyrilamine (Neo-Antergan®) Maleate.—The 
initial cherry-red color disappears on dilution, leaving 
a turbid solution from which a white or cream-colored 
precipitate separates in a few minutes. 

Thenyldiamine (Thenfadil®) Hydrochloride.— 
A pink color is produced momentarily, quickly chang- 
ing to a vivid orange-red; on dilution the color is 
discharged and the solution remains clear. 

Thonzylamine (Neohetramine®) Hydrochloride. 
—A red color is produced initially; on dilution the 
color is discharged, leaving a turbid solution from 
which a white or cream-colored precipitate sepa- 
rates in a few minutes (the response in this test is 
very much like that of pyrilamine maleate). 
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Tripelennamine (Pyribenzamine®) Hydro- 
chloride.—A yellow turbid solution is produced ini- 
tially; on dilution the color disappears and the 
turbidity remains. 


SUMMARY 


The color produced when a dilute solution of 
an antihistaminic agent in sulfuric acid is pre- 
pared, together with the change which occurs on 
dilution with water, has been found to be suffi- 
ciently characteristic to differentiate and identify 
antazoline hydrochloride, chlorcyclizine hydro- 
chloride, chlorothen citrate, chlorpheniramine 
maleate, diphenhydramine hydrochloride, doxy!- 
amine succinate, methapyrilene hydrochloride, 
phenindamine tartrate, pyrathiazine hydrochlo- 
ride, pyrilamine maleate, thenyldiamine hydro- 
chloride, thonzylamine hydrochloride, and tri- 
pelennamine hydrochloride, all of which sub- 
stances have been admitted to U.S. P. XV. In 
the case of antazoline hydrochloride, which fails 
to give any color, a similar reaction with nitric 
acid has been found to be characteristic. 
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Ultraviolet Absorption Spectra of 
Antihistaminic Agents* 


By LEWIS J. KLECKNER and ARTHUR OSOL 


In connection with the development of specifications for antihistaminic agents 
admitted to U. S. P. XV the ultraviolet absorption spectra of many of these com- 
unds have been studied in detail. Characteristics in water and alcohol solutions 
ave been noted, also the displacements produced by variation of pH of the aqueous 


solutions. 


The data obtained form the basis for identification tests for official anti- 


histamines and their tablet dosage forms, and also for assay of the tablets. 


‘T= LARGE NUMBER of antihistaminic sub- 

stances in current use, many of which are 
structurally closely related to each other, makes 
it desirable to have various means available for 
their identification and assay. The problem of 
providing adequate specifications to characterize 
and establish purity is obviously more difficult 


* Received May 5, 1955, from the Department of Chemis- 
pe A + wn College of Pharmacy and Science, Philadel- 
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meeting, May 1955. 


when one deals with a relatively large group of 
compounds which have structural similarities 
than when this is not the case. Such a problem 
was encountered when 13 antihistaminic agents 
and their dosage forms were admitted to U. S. P. 
XV. So long as diphenhydramine hydrochloride 
and tripelennamine hydrochloride were the only 
drugs of this class available, the specification that 
ammonium reineckate T. S. shall produce a pink 
precipitate with each compound had some utility 
as an identification test, but with many such 
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agents being available, a general test of this kind 
loses most of its value. The melting point is, of 
course, useful for identification of a compound 
but the official compendia do not employ this 
constant for such a purpose. 

The utility of ultraviolet absorption spectro- 
grams for identification and assay of compounds 
of the structural types encountered in antihist- 
amines is well known and it was decided to obtain 
spectral data in water solutions at different hydro- 
gen ion concentrations and to determine what 
effect there might be in changing the solvent to 
alcohol. Some data of this nature have been re- 
ported for pyrilamine maleate, by Anderson, e¢ 
al. (1), and for methapyrilene hydrochloride, by 
Martin and Harrisson (2). In this study the 
absorption characteristics of eight antihistaminic 
compounds were studied in some detail. On the 
basis of these studies recommendations for speci- 
fication of certain absorption characteristics in 
U. S. P. monographs for these antihistamines 
were made; these were adopted and will appear 
in the new U. S. P. Data for other antihistamines, 
which were not as completely studied as the 
compounds included in this report, may be found 
in the new Pharmacopeia. 
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Fig. i—Spectrogram of antazoline hydrochloride. 
x, PH 0.1; @, pH 2.0; --, pH 4.1. 
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Fig. 2.—Spectrogram of chlorcyclizine hydrochlo- 
ride. x, PH 0.1; @, pH 2.0; —-, pH 4.1. 


Screntiric Eprrion 


EXPERIMENTAL 


All of the antihistaminic agents were of a grade 
considered by their respective manufacturers to 
represent a quality suitable for medicinal use. By 
nonaqueous potentiometric titration (3) each was 
found to assay, after drying at a suitable tempera- 
ture, not less than 99 per cent of the stated com- 
ponent, with six of the eight compounds assaying 
better than 99.5 per cent. Recrystallization of 
several of the samples did not give significantly 
different spectrograms. With the exception of 
solutions of phenindamine tartrate all solutions were 
prepared to contain 1) + 0.01 mg. per liter; the 
phenindamine tartrate solutions were twice this 
concentration. Solutions were prepared in aqueous 
dilutions of hydrochloric acid at pH 0.1, 2.0, and 
4.1, also in distilled water in equilibrium with air 
(the pH of these solutions being approximately 5.7) 
and in alcohol. Absorption data were obtained 
by use of a model DU Beckman spectrophotometer. 
Figures 1 to 8 show spectrograms obtained in the 
hydrochloric acid solutions; to preserve legibility 
of the spectrograms the data for equilibrium water 
and alcohol solutions are not shown but the nature 
of the displacements observed in these solvents may 
be visualized readily by reference to Table I, which 
gives the positions of maximum and minimum ab- 
sorption, and also the absorptivity (referred to a 1 
per cent solution for a l-cm. light path) for all solu- 
tions. 
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Fig. 3.—Spectrogram of chlorothen citrate. x, pH 
0.1; @, pH 2.0; —-, pH 4.1. 
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Fig. 4.—Spectrogram of methapyrilene hydro- 
chloride. x, pH 0.1; @, pH 2.0; —-, pH 4.1. 
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5.—Spectrogram of phenindamine tartrate, 
x, PH 0.1; @, pH 2.0; —-, pH 4.1. 
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ig. 6.—Spectrogram of pyrilamine maleate. x, 
~H 0.1; @, pH 2.0; —-, pH 4.1. 


DISCUSSION 


Examination of the spectrograms indicates that 
six of the eight antihistaminic agents have suffi- 
ciently different spectra to make it possible to dif- 
ferentiate the several substances by specifying posi- 
tions of absorption inflections and values of maxi- 
mum absorptivity (1%, 1 cm.) for the particular 
solvent employed. Inasmuch as the spectrophoto- 
metric data for several of the antihistaminic com- 
pounds recognized in “‘New and Nonofficial Reme- 
dies” are given for a solvent medium of distilled 
water it was believed advisable to recommend that 
in the case of bulk antihistamines the U. S. P. should 
specify absorption characteristics in water solution, 
rather than in an acid solution, as is sometimes done. 
Of course, such characteristics for an antihistamine 
in bulk might also be specified for an acid solution, 
say at pH 0.1; we elected to follow the precedent 
set by N. N. R. in this respect. 

In the case of Thenfadil® (2-[(2-dimethylamino- 
ethyl)-3-thenylamino] pyridine) hydrochloride and 
Thenylene® (2- [(2-dimethylaminoethy]) -2-thenyl- 
amino]pyridine) hydrochloride the differences in 
absorption spectra are slight though, we believe, 
sufficiently different for these isomers to be distin- 
guished and identified; certain other tests, notably 
the color reaction with sulfuric acid (4), may be 
used to distinguish further between these substances. 

In considering the problem of utilizing spectro- 
photometric data for identifying and assaying anti- 
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Fig. 7.—Spectrogram of thenyldiamine hydro- 
chloride. x, PH 0.1; @, pH 2.0; -—-, pH 4.1. 
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Fig. 8.—Spectrogram of tripelennamine hydro- 
chloride. x, PH 0.1; @, pH 2.0; --, pH 4.1. 


histaminic compounds in tablet dosage form it 
appears that the most reliable data to use are those 
obtained by extracting a sample of powdered tablets 
with alcohol, rather than with distilled water or with 
an acid solution. Extraction of powdered tablets 
with distilled water is likely to be incomplete, and 
the pH of the aqueous extract will depend on the 
nature of fillers, disintegrating agents, binders, 
lubricants, etc., present. Since absorption charac- 
teristics usually vary with pH the impracticality of 
using water as a solvent for tablets which may have 
been variously formulated is obvious. If an acid 
medium is used for extraction it will interact with 
such substances as calcium carbonate, again altering 
the pH and possibly the absorption spectrum. 
Moreover, we observed in certain instances absorp- 
tion of antihistamine by the insoluble constituents of 
a tablet when an aqueous medium was used. All 
these potential sources of error appear to be elimi- 
nated when alcohol is used for extraction of the anti- 
histaminic agent, for the various other ingredients 
are at most only slightly soluble in alcohol, and in 
no instance of many tablet assays that we performed 
was there any indication of interference by such 
ingredients, either through their solubility or tend- 
ency to adsorb antihistamines. No doubt there 
are many tablet dosage forms which may be assayed 
as accurately when the extraction is performed with 
an acid aqueous solution as when this is effected 
with alcohol, but for general utility under many 
different conditions of tablet formulation our experi- 
ence suggests that alcohol is the preferred solvent. 
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TABLE I.—ABSORPTION CHARACTERISTICS OF ANTIHISTAMINIC AGENTS 


Absorptivity 


Position of Absorptivity Position of 
Solvent Maximum (1%, 1 em.) Minimum (1%, 1 em.) 
Medium Absorbance (mu) at Max. Absorbance (my) at Min. 
Antazoline Hydrochloride 

pH 0.1 242; 291 430; 63 223 ; 276 281; £4 
2.0 242; 292 503 ; 69 222; 275 307; 56 
4.1 242; 292 500; 68 222; 275 306; 53 
5.7 242; 292 502; 68 222; 275 307; 52 

Alcohol 242; 292 515; 67 293: 27. 302; 52 

Chiorcyclizine Hydrochloride 

pH 0.1 232 482 218 247 
2.0 231 460 218 271 
4.1 230 459 218 313 
5.7 230 445 218 309 

Alcohol 230 435 218 295 

Chlorothen Citrate 

pH 0.1 238; 314 363; 168 273 40 
2.0 238; 313 353; 159 273 33 
4.1 240; 305 366; 104 276 39 
5.7 240; 303 400; 102 277 55 

Alcohol 243; 304 408; 89 280 43 

M «thapyrilene Hydrochloride 

pH 0.1 237; 314 599; 271 264 31 
2.0 237; 314 606 ; 268 266 35 
4.1 238; 307 613; 179 270 50 
5.7 238; 304 616; 159 272 54 
oh 240; 305 


0.1 260 

2.0 259 225 241 139 
4.1 259 225 241 139 
5.7 259 226 241 131 
oh 261 


0.1 238; 316 262 
1.0 238; 314 450; 199 262 53 
4.1 239; 308 437; 151 268 63 
5.7 244; 306 435; 128 268 69 
Alcohol 247; 310 464; 115 270 74 
Thenyldiamine Hydrochloride 
pH 0.1 239; 314 589; 268 262 26 
2.0 239; 314 602; 269 262 33 
4.1 240; 309 591; 199 268 35 
5.7 242; 306 589; 157 269 32 
Alcohol 244; 306 635; 152 271 27 
Tripelennamine Hydrochloride 
pH 0.1 239; 314 474; 276 219; 263 169; 29 
2.0 239; 314 482; 277 219; 262 159; 27 
4.1 242; 309 484; 203 220; 271 180; 43 
5.7 245; 306 489; 164 221; 271 166; 29 
Alcohol 246; 307 547; 156 222; 273 149; 34 


Details of the assay procedure recommended, and 
adopted, as the U. S. P. assay for tablet dosage 
forms may be found in U. S. P. XV. 


SUMMARY 


1. The ultraviolet absorption spectra of eight 
antihistaminic agents have been determined in 
water solutions at different pH values, and also 
in alcohol solution. 

2. Absorption characteristics suitable for 
identification and assay of these substances have 


@ been recorded and form the basis of certain 


U.S. P. XV specifications for the compounds and 
their tablet dosage forms. 

3. Alcohol has been found to be preferable to 
water for extraction of antihistaminic agents 
from tablet dosage forms for subsequent spectro- 
photometric assay of the solutions. 


REFERENCES 


(1) Anderson, L. T., ag neta w. Rosenblum, 
C., and Smith, H., Tms OURNAL, 38 
d Harrisson, J. W. E., ibid., 39, 390 


(3) Kleckner, L. Jz, and Osol, A., ibid., 41, 578(1952). 
., and Sideri, C. N., 44, 761(1985). 


= t | 
December 1955 765 

Phenindamine Tartrate 

pH 

( 

Alc 

Pyrilamine Maleate 

' 

| 


Local Anesthetic Agents: The Chemistry and 
Pharmacology of Twelve Carbamates* 


By C. L. ROSE, H. R. SULLIVAN, and A. POHLAND 


The chemistry and local anesthetic action of twelve carbamates are described. 

1-(1-Phenyl-3-dimethylaminopropyl) carbanilate hydrochloride which possesses a 

high degree of potency and a low degree of toxicity and irritation appears to be the 
best local anesthetic agent of this series. 


SEARCH for local anesthetic com- 
pounds of greater potency and stability 
than those already available showed that certain 
members of a series of amides of 3-dialkylamino- 
propylamines (I) are particularly active in ani- 
mals and elicit a minimum of undesirable reac- 
tions (1, 2). 
R—CONH R‘ 
NR‘ 
R? 
(1) 


R’ 


The preparation and local anesthetic properties 
of a series of substituted carbamic esters, analogs 
in part to these amides, are reported in this paper. 


EXPERIMENTAL' 


Preparation of 3-Dialkylamino-1-phenyl-1-propa- 
nols.—These carbinols were prepared by a lithium 
aluminum hydride reduction of the corresponding 
Mannich base in ether solution. The preparation 
of 3-dimethylamino-1-phenyl-l-propanol will serve 
to illustrate the general procedure. A solution oi 
198 Gm. (1.1 moles) of 8-dimethylaminopropio- 
phenone in 500 mi. of ether was added dropwise 
with stirring to a suspension of 22 Gm. (0.58 mole) 
of lithium aluminum hydride in 2500 ml. of ether. 
The reaction mixture was refluxed for three hours 
and carefully decomposed by the addition of water. 
The ether was decanted and dried over magnesium 
sulfate. It was then distilled and the residual oil 
crystallized from Skellysolve® A, m. p. 46—47°; 
189 Gm. (95%). This compound has been pre- 
pared previously by catalytic hydrogenation (3). 

3-Piperidino-1-phenyl-1-propanol crystallized 
from Skellysolve® A, m. p. 63-64°; yield 80%. 

Anal. caled. for CyH»NO: N, 6.39. Found: 
N, 6.10. 

3- Diethylamino-2-methyl-1-phenyl-1-propanol 
boiled at 112-113° (0.4 mm.); n°%$ 1.5039; yield 
79%. 

Anal. caled. for 
6.038. 

2 - Methyl - | - phenyl! - 3 - piperidino - 1 - pro- 
panol boiled at 125-126° (0.2 mm.); n°} 1.5238; 
yield 92%. 

Anal. caled. for C)sHaNO: 
Found: C, 77.15; H, 9.85. 


N, 6.33. Found: N, 


H, 9.93. 


* Received June 11, 1955, from the Lilly Research Labora- 
tories, Indianapolis 6, Ind. 
' Melting points and boiling points are uncorrected 


Preparation of 1-Dialkylamino-2,3-epoxy- 
propanes.—The  1-dialkylamino-2,3-epoxypropanes 
were prepared by the procedure of Gilman (4). 
1-Piperidino-2,3-epoxypropane boiled at 94-96° 
(20 mm.); n°} 1.4630; yield 74%. 

Anal.—Caled. for CsHisNO: N, 9.92. 
N, 9.88. 

1-(2-Pipecolino)-2,3-epoxypropane 
115° (30 mm.); yield 21%. 

Anal.—Caled. for CsHy;NO: N,9.03. Found: N, 
8.95. 

Preparation of 3-Dialkylamino-1-phenyl-2-pro- 
panols.—The preparation of 3-piperidino-1-phenyl- 
2-propanol will serve to illustrate the general 
procedure. Phenylmagnesium bromide was pre- 
pared from 173 Gm. (1.1 moles) of bromobenzene, 
27 Gm. (1.1 moles) of magnesium and 400 ml. of 
ether. A solution of 141 Gm. (1.0 mole) of 1- 
piperidino-2,3-epoxypropane in 150 ml. of toluene 
was added dropwise with stirring to the Grignard 
reagent. The reaction mixture was stirred over- 
night and was then poured onto dilute hydrochloric 
acid and ice. The acid aqueous layer was made 
basic with ammonium hydroxide and the resulting 
oil taken up in ether and dried over magnesium sul- 
fate. The product distilled at 130° (0.4 mm.); 
weight 114 Gm. (52%); n*$ 1.5242. 

Anal.—Caled. for CyHaNO: N, 6.39. 
N, 6.55. 

The hydrochloride melted at 180-181° and gave 
no mixture melting point depression with a sample 
prepared by the reaction of piperidine with 1- 
phenyl-2,3-epoxypropane according to the method 
of Fourneau (5). 

3-Diethylamino-1-phenyl-2-propanol distilled at 
105-106°; weight 124 Gm. (60%); n°} 1.5048. 

Anal.—Caled. for CyHaNO: N, 6.76. Found: 
N, 6.81. 

3-(2-Pipecolino)-1-phenyl-2-propanol distilled at 
132-133° (0.4 mm.); 156 Gm. (70%). 

Anal.—Caled. for CyHy,NO: N, 6.00. Found: 
N, 5.67. 

1-(1-Phenyl-3-dimethylaminopropyl) Carbanilate 
Hydrochloride.—A description of the synthesis of 
two of the present series, namely 1-(1-phenyl-3- 
dimethylaminopropyl) carbanilate hydrochloride 
and 2-(1-diethylamino-3-phenylpropy!) carbanilate 
hydrochloride (Nos. 2 and 9, respectively, of Table 
1) will serve to illustrate the general methods of 
preparation. 

A solution of 366 Gm. (2.07 moles) of 3-dimethyl- 
amino-1-phenyl-1-propanol in 1.5 liters of anhydrous 
ether was stirred with external cooling during the 
dropwise addition of 279 Gm. (2.34 moles) of 
phenylisocyanate. After standing at room tem- 
perature for twenty-four hours, the reaction mix- 
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BAA 


HCl 
CooHes N2O2-HCl 
HBr 
Co, HoN2OS- HCl 
HCl 
Ho HCl 
HCl 
Cy HCl 


229-230 
223-224 
134-135 
170-171 


201-202 


(CH;),.NCH:— 
(CsHs)2NCH:— 
C\H,.NCH;—4 
CH;C;H»N—~ 


(CH;),.N— 


CsHioNCH:— 
Cs;Hy NCH:— 
CsHwNCHe 
CsHieNCH:— 
(CsHs)2N— 


CsHieN—* 


H 
H 
CH; 
H 
CH; 
CH; 
H 
H 
H 
H 
H 
H 


CsHsNHCO— 
CsHsNHCO— 
CsHsNHCO— 
CsH;NHCO— 
CsHsNHCO— 
C,HsNHCO— 
CsHsNHCS— 
CsHsNHCO— 
CsHsNHCO— 
CsHsNHCO— 
CsHsNHCO— 


CeHsCHe 


CsHsCH, 


© Piperidiaomethyl. 


2-Pipecolino. 


¢ Piperedino. 


Pyrrolidinomethy!. 


6 B-dl isomer 


* a-dl isomer 
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ture was poured onto ice and hydrochloric acid. 
The aqueous phase was separated, washed with 
ether, and then made alkaline with concentrated 
ammonium hydroxide. The liberated oil was 
taken up in ether and dried over magnesium sulfate. 
Then the filtered ether solution was saturated with 
anhydrous hydrogen chloride to yield 1-(1-phenyl-3- 
dlimethylaminopropy!) carbanilate hydrochloride. 
After two recrystallizations from isopropanol-ether 
solution the product melted at 169-170°; weight 
61.4 Gm. (89%). 

A solution of 20.7 Gm. (0.1 mole) of 1-diethyl- 
amino-3-phenyl-2-propanol in 100 ml. of ether was 
orepared and 13.8 Gm. (0.12 mole) of phenyliso- 
eyanate was added dropwise with stirring. After 
standing for two hours the solution was poured onto 
ice and hydrochloric acid. The aqueous phase 
was made alkaline with concentrated ammonium 
hydroxide and the liberated oil was taken up with 
ether and dried over anhydrous magnesium sulfate. 
2-(1-Diethylamino-3-phenylpropyl) carbanilate hy- 
drochloride was prepared by saturating this dried 
ether solution with anhydrous hydrogen chloride. 
After four recrystallizations from ethanol-ether 
solution, the preparation melted at 159-160°, 
weight 21 Gm. (58%). 

Local Anesthetic Action—The compounds were 
dissolved in distilled water and tested for local an- 
esthetic activity, irritation, and acute toxicity. 
The duration of anesthesia was assayed by topical 
application to the eyes of guinea pigs and by intra- 
cutaneous injection of 0.1 ml. in the same animals. 
At least three animals were used for each concen- 
tration of a compound, and averages of the results 
are recorded in Table II. 

Irritation —This was studied by means of intra- 
cutaneous injections of 0.1 ml. of the anesthetic 
solutions in shaved white rabbits. The criteria for 
assessing the degrees of irritation were published 
earlier (2, 7). Suffice it to say that a degree of 
irritation greater than ‘‘mild,’’ that is “moderate” 
or ‘‘severe,’’ would make that particular concen- 
tration of the compound unsuitable for clinical 
appraisal. 

Acute Toxicity.—As indicated in the table, this 
was determined by intravenous and subcutaneous 
injections in white mice. The LDy + standard 
error was established by the method of Bliss (6). 


DISCUSSION 


3-Dialkylamino-l-phenyl-l-propanols (II) were 
prepared by the lithium aluminum hydride reduc- 
tion of the corresponding Mannich bases. 3-Dialk- 
ylamino-|-phenyl-2-propanols (III) were prepared 
by the reaction of phenyl Grignard reagent with a 
1-dialkylamino-2,3-epoxypropane. The aminocar- 
binols were then allowed to react with phenyl isocya- 
nate to yield the desired carbanilates. These are 
summarized in Table I. 

On the basis of their local anesthetic activity, 
four of these compounds are of particular interest. 
Compound No. 2, Table II, 1-(1-phenyl-3-dimethyl- 
aminopropyl!) carbanilate hydrochloride, seems to be 
outstanding in this series in that it causes more than 
four hours of anesthesia when injected in the guinea 
pig’s skin; 0.5 hour, when instilled in the eyes of 
the same animals; and negligible irritation, when 
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Tas_e II.—Locat ANgstHeTIC ACTION, IRRITATION, AND TOXICITY OF TWELVE CARBAMATES 


Duration of Anesthesia 
Per Cent -—Guinea Pigs =. 


Solution 


a. 
0. 
0. 
1. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
1. 
0. 
0. 
0. 
0. 
1. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
i. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
1. 


12 


Eyes 


296 


116 
58 


Irritation 


Rabbit's Skin ——LDs»s + S. E. Mice (mg./Kg.)——. 
I. V. 


Degree 
Moderate 28.8 + 1.2 265 + 22 
Negligible 
Negligible 
Negligible 
Moderate 
Mild 
Negligible 
Negligible 
Negligible 
Moderate 
Moderate 
Negligible 
Negligible 
Negligible 
Severe 
Mild 
Negligible 
Negligible 
Negligible 
Moderate 
Mild 
Negligible 
Negligible 
Negligible 
Moderate 
Moderate 
Mild 
Slight 
Negligible 
Negligible 
Negligible 
Negligible 
Severe 
Severe 
Severe 
Slight 
Slight 
Slight 
Slight 
Slight 
Slight 
Slight 
Slight 
Slight 
Negligible 
Negligible 
Negligible 
Negligible 


* Severe irritation. 


OH 


R’ 
NC 
| R’ 


R 
(II) 


R’ 
CH.—CH 
R’ 


R 


R’ 


(IIT) 


CsH;MgX 


OH 


given in 0.25% concentration by intradermal in- 
jection in white rabbits. Its intravenous toxicity 
in mice is relatively low. 

Compound No. 9, 2-(1-diethylamino-3-phenyl- 
propyl) carbanilate hydrochloride, is of the same 
general order of local anesthetic potency as No. 2, 
but a little more irritating on injection, and consid- 
erably more toxic. 

Compound No. 7, 1-(1-phenyl-3-piperidinopropy]) 
ethyl carbamate hydrobromide, has the same 
order of toxicity, irritation and local anesthetic ac- 
tion as procaine hydrochloride. Like procaine, a 
one per cent solution shows no local anesthetic action 
on the guinea pig’s cornea. 

Compound No. 8, 1-(1-phenyl-3-piperidinopropy]) 
thionocarbanilate hydrochloride, is an active local 
anesthetic agent but produces severe irritation to 
both the eye and the skin. 
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- 
No. 

25 164 

0 61 

5 = 22 

2 522 
344 

25 258 

od 0 135 { 
5 39 
le 3 436 
307 

0 77 

5 16 
4 157 520 

5 69 265 

25 40 136 

5 0 19 

5 83 420 

D5 52 286 

5 10 66 

25 0 11 

6 214 376 1 adi 

25 92 177 

62 74 
15 44 49 
125 14 18 4 
7 0 63 
\ 5 0 29 
25 0 10 Pe 
8 130° 245 
25 50 70 
| 0 10 25 ie 
‘ 9 ) 73 420 Pas 
25 16 185 gt 
0 9 57 
5 0 23 
10 43 480+ 7 
| 25 12 125 z 
0 0 43 4 
11 267 455 8 
25 87 184 
0 57 72 
5 33 37 
= 7 8 3 

" 


(1) Pohland, A., and Sullivan, H. R.: 


enone Am. Chem. Soc., Chicago, Sept. 6-11, 1953, 


p. 1 
(2) Rose, C. L., and Rawlings, D. V., J. Lab. Clin. Med., 
44, 571(1954). 


(3) Mannich, C., and Heilner, G., Ber., SSB, 356(1922). 


_— are a class of thallophytes that inhabit 

the soil, rock, wood, trees, etc. The vegeta- 
tive thallus is of varying form and color. Lichens 
differ from all other members of the vegetable 
kingdom in their composite structure, being 
formed from the union of two separate plants, an 
alga and a fungus in intimate symbiotic relation- 
ship. In each case the fungus receives its food 
from materials made by the alga (usually blue- 
green and the protococcus form of green alga) and 
in return extracts water from the substratum and 
shares it with the alga. The association is there- 
fore one of mutual benefit. 

Depending upon the type of fungus associated 
with the alga, there are two distinct classes of 
lichens, Ascolichens and Basidiolichens. Accord- 
ing to the manner of growth and the form of the 
thallus and its attachment to the substratum, 
three different sub-groups of lichens may be 
distinguished. They are foliaceous, crustaceous, 
and fruticose, and reproduce either by producing 
spores or by detaching scale-like portions of their 
bodies; the reproduction may be sexual or 
asexual. 

Lichens have been employed from very early 
times in medicine, the dyeing industry, per- 
fumery, and as food stuffs (1, 2). As reserve 
carbohydrates they possess lichenin and iso- 
lichenin in the place of starch. The use of 
certain lichens in perfumery has in the last few 
years become considerably important, in which 
case these species are principally found on oak 
trees. Evernia, Ramalina and Usnea species are 
among the principal ones employed for this 
purpose. The dyes cudbear and orchil are ob- 
obtained from Lecanora and Roccella species. 


* Received March 19, 1955, from the University of Wash- 
ington, School of Pharmacy, Seattle. 

Department of Pharmacy, Andhra University, Waltair, 
India. Visiting Foreign Operations Administration and 
U. S. Public Health Service Post-Doctorate Fellow in 
Pharmacognosy, College ef Pharmacy, University of Wash- 
ington, Seattle (1955). 
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A Review of Anthraquinone Compounds in Lichens* 


By SANKARA SUBRAMANIAN 


Even today litmus, a lichen product, is greatly 
valued in analytical chemistry. Medicinally the 
use of lichens can be traced back to a very remote 
age, e.g., as far back as 1700 B. C. Cetraria 
islandica, Lobaria pulmonaria and Usnea species 
have been extensively used as demulcents, tonics, 
febrifuges, purgatives, and antitubercular drugs. 
Lichens have also been assayed for their vitamin 
content by nutritionists. Recently Seshadri and 
Subramanian (3) reported on the isolation of p- 
carotene, a precursor of Vitamin A, from Roccella 
montagnei and found this constituent in amounts 
of 30 mg. per cent. 


LICHENS AND ANTIBACTERIAL ACTIVITY 


Since the discovery of a whole series of antibiotic 
substances, e.g., penicillin and streptomycin, which 
represent products of mold metabolism and the re- 
ported antibacterial property of the green alga, 
chlorella, much attention has been focussed on the 
antibacterial properties of lichen substances. Burk- 
holder and co-workers (4) initiated the study of 
crude extracts of lichens as antibacterial agents 
against several typical micro-organisms. Since 
then extensive studies on lichen substances have 
been made by other investigators all over the world.! 
As early as 1939, Fuzikawa and co-workers re- 
ported on the antimicrobial activity of orcinol car- _ 
boxylic acid derivatives. The lichen acids which 
are derivatives of phenol carboxylic acids naturally 
have certain antibacterial properties. Most of the 
lichen substances show more or less antibacterial 
effect against Gram-positive organisms, but not 
against Gram-negative bacteria. The more promis- 
ing compounds having pronounced antitubercular 
activity are usnic acid and its derivatives and 
derivatives of roccellic acid. Though they are 
antagonized by components of the serum in vitro, 
they still have positive activity im vivo. Systematic 
studies on the antibacterial effects and the chemical 
constitution of various lichen substances are being 
reported and attempts are being made to synthesize 
simpler compounds having close structural relation- 
ship with natural products found in lichens. Here it 
may be pointed out that a fruitful line of work 


' See Asahina, Y., and Shibata, S., ‘‘Chemistry of Lichen 
Substances,’ Japan Society for the Promotion of Science, 
Tokyo (1954), pp. 216-224, 
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warranting careful investigation is to isolate the 
fungal parts of the lichens, grow them artificially 
and investigate their metabolic products for possible 
antibacterial activity. 


CHEMISTRY OF LICHEN SUBSTANCES 


Lichens occupy an interesting and peculiar posi- 
tion in the plant kingdom, and their chemical con- 
stituents are frequently found to be different from 
the components of higher plants. Chemically they 
form one special group of compounds, the so-called 
lichen acids, which have been studied by many 
organic chemists since the beginning of the nine- 
teenth century. The earlier chemical knowledge of 
their constitutents is from the work of Knop, Sten- 
house, and Paterno, while at a later period the two 
principal investigators in this field have been Oswald 
Hesse and Wilhelm Zopf whose contributions were 
not fully investigated from the (structural) chemical 
point of view. In the last few years, the chemistry 
of lichen substances has achieved a remarkable ad- 
vance largely based on the work of E. Fischer, 
Schépf, St. Pfau, Koller, Nolan, and Robertson. 
Asahina has contributed the major amount of re- 
search on lichen chemistry in the past fifteen years. 
Work with Indian lichens has been going on under 
the leadership of Seshadri of the University of Delhi 

Although there are more than two hundred sub- 
stances that have been isolated from different lichens 
the chemical constitution of about eighty has been 
elucidated. Some of these have been shown to have 
hitherto unknown nuclei. According to Asahina (5), 
these constitutents can be classified into ten groups 
on the basis of their chemical structure: 


A. Aliphatic and alicyclic 

Group (i) Acids—(a) monobasic, (b) dibasic, 
(c) tribasic. 

Neutral (positive Liebermann reac- 
tion )—triterpenoid. 

Polyhydroxy alcohols—C,, Cs, Cs, 
and C;. 


Group (ii) 
Group (iii) 


B. Aromatic 

Group (iv) Depsides.—(a) Orcinol series, (b) 
8-orcinol series, (c) mixed type. 

Depsidones.—(a) Orcinol series, (b) 
8-orcinol series. 

Quinones.—(a) Hydroxyanthra- 
quinones, (b) Phenanthrene qui- 
nones, (c) Terphenyl quinones. 

Xanthone derivatives. 

Pulvic acid derivatives. 

Dibenzofuran derivatives. 

Diketopiperazine derivatives. 


Group (v) 


Group (vi) 


Group (vii) 
Group (viii) 
Group (ix) 
Group (x) 


The majority of the compounds belong to the class 
of depsides and depsidones which are typical lichen 
acids not found in most other natural products. 
Tannins, however, have a depside linkage. In 
depsides, two or more simple phenol carboxylic acids 
are joined in ester formation and in depsidones there 
is an additional oxygen bridge so that a diphenyl 
structure is also involved. Most are para depsides 
where the esterification has taken place through a 
hydroxy! para to the carboxyl. The phenol nucleus 
always has a side chain consisting of an odd number 
of carbon atoms as CH;, C;H:, CsHn, CrHis and 
sometimes in an oxidized state. Lichen acids con- 
taining nitrogen and chlorine are also known. Com- 
pounds like the hydroxy anthraquinones and 
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derivatives of tetronic acids are found in the 
metabolic products of molds also. The isoiation 
from molds of a number of compounds closely related 
to the lichen substances by the Raistrick (6-9) school 
has definitely established that it is the fungal half 
of the lichen that is responsible for the formation of 
these metabolites in lichens. As a matter of fact, 
erythritol, 8-carotene, ergosterol, polyporic acid, 
physcion, endocrocin, and thelephoric acid have 
been found in certain lichens as well as molds. 
Recently a successful laboratory cultivation of iso- 
lated fungi from lichens has been demonstrated 
Products of these were found to be identical with 
naturally occurring lichen substances (10). 

Lichen substances can be extracted by means of 
organic solvents such as pretroleum ether, ether, 
acetone, chloroform, and alcohol. For the detection 
of some of these characteristic lichen substances, 
Asahina (11) has evolved a microchemical method 
using the so-called ‘‘thalline reaction’’ which 
develops, by addition of certain reagents (potassium 
hydroxide, bleaching powder, iodine, and p-phenyl- 
enediamine) various distinct colorations specific 
for the constitutents of the lichen. Paper chroma- 
tography has also been adopted for the identification 
of these compounds. 


HYDROXY ANTHRAQUINONE 
COMPOUNDS 


Anthraquinone derivatives are widespread in 
nature, and have been isolated from higher plants, 
insects, fungi, and lichens. Anthraquinone deriva- 
tives in the free state or as glycosides are present in 
many cathartic drugs, like senna, rhubarb, cascara, 
and aloes. Anthrones and anthranols have also 
been isolated from some of these. The dyeing 
properties of some of the plaut materials are due to 
the hydroxyanthraquinones present them. 
Cochineal, kermes, and lac dye prepared from the 
dried bodies of certain insects or their exudates owe 
their dyeing properties to the anthraquinone 
derivatives in them. Raistrick and co-workers 
(loc. cit.) have isolated several hydroxyanthra- 
quinones from the metabolic products of fungi 
Lichens that are colored orange yellow to orange 
red in nature usually contain hydroxyanthraquinone 
derivatives. The presence of these can be tested 
qualitatively by means of sulfuric acid and alkali 
added directly on the thallus. (A deeper orange 
red to pink or yellow color will develop.) 

The hydroxyanthraquinones vary in color from 
yellow to red. The colorations with sulfuric acid 
and alkali, and the color changes produced by adding 
boric acid to the sulfuric acid solution are valuable 
reactions for characterizing the hydroxyanthra- 
quinones. Coloration with ferric chloride, although 
useful, is not very convenient since the compounds 
themselves are colored. The absorption spectra in 
neutral and alkaline solution on the other hand are 
characteristic and can be used for identifying the 
compounds. 

The a-hydroxyl group exhibits characteristic 
properties indicating chelation with the neighboring 
carbonyl group. It gives characteristic color with 
magnesium acetate in alcoholic solution depending 
upon the position of the other hydroxyl(s). Hy- 
droxy] in the 8-position makes the compound soluble 
in aqueous sodium carbonate while hydroxyl(s) in 
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the a-position(s) alone makes it insoluble in sodium 
carbonate solution. a-Hydroxyls are much more 
resistant to methylation than §-hydroxyls. Two 
hydroxyls para to one another impart a fluorescence 
in its acetic acid solution and give a deep blue color 
with concentrated sulfuric acid. Chromatographic 
methods for the separation of a mixture of anthra- 
quinone compounds have also been developed using 
various adsorbents. Alumina has been found to be 
too strong for polyhydroxyanthraquinones. On the 
other hand, Celite, magnesium oxide and magnesium 
carbonate have been found to be quite suitable. 
Identification by means of paper chromatography 
is also possible. Anthraquinones undergo reduction 
to different compounds depending upon the condi- 
tions and reagents employed. 


LICHEN ANTHRAQUINONES 


Though there are a number of anthraquinone sub- 
stances reported to be present in lichens, only six of 
them have been isolated in a pure condition and 
characterized chemically (5). They are: 


(1) Physcion (1) (parietin) from Xanthoria and 
Teloschistes species. 

2) Endocrocin (II) from Endocrocea nephromop- 
sis. 

(3) Rhodocladonic acid (II1) from Cladonia spe- 
cies. 

(4) Solorinic acid (1V) from Solorina crocea. 

(5) Fallacin (V) from Xanthonia fallax. 

(6) Teloschistin (VI) from Teloschistes flavicans. 
(Indian sample. ) 


HO O OH 
| | 


w/\42—CHs 


Physicion (1) 
HO O OH 
| 


Teloschistin (V1) 
~ O OH 


HOH,C—/ 


HO. MAAS OH 
| 


Rhodocladonic acid (III) 


Isolation of Physcion and Teloschistin from 
Teloschistes flavicans.—The air-dried lichen can be 
extracted in a Soxhlet with petroleum ether. The 
solvent is then distilled from the extract and the 
residue recrystallized from a _ chloroform-ethanol 
mixture (1:1). The first fraction melting above 
215° is collected and recrystallized a number of 
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times from hot benzene, when organge-colored rec- 
tangular plates and thin prisms melting at 229—230° 
are obtained. (Teloschistin.) The mother liquor 
after removing the first fraction is then diluted with 
excess ethanol. A mixture of physcion and a color- 
less substance is obtained from this. This mixture 
is treated with cold 5% sodium hydroxide solution 
and filtered. The filtrate, on acidification, yields 
physcion in a fairly pure condition. This is re- 
crystallized to yield crystalline physcion which melts 
at 206-207°. The colorless substance which is in- 
soluble in aqueous alkali is washed with water, dried, 
and recrystallized from chloroform—methanol mix- 
ture. Colorless needles melting at 245-250° are 
obtained. 

The lichen material, after extraction with petro- 
leum ether, is exhausted with chloroform to yield 
more teloschistin. 

Recently this lichen has been extracted by a 
modified method using hot benzene and the com- 
ponents separated by means of chromatography over 
magnesium carbonate. ‘The colorless substance has 
been isolated in larger quantities for detailed chem- 
ical study.* 

Constitution of teloschistin.—Teloschistin (V1) 
(isolated by Seshadri and Subramanian (12)) erystal- 
lizes as dull orange plates and thin prisms melting at 
229-230° and has the formula C;sH»O, with one 
methoxylgroup. Its color reactions with alkali and 
concentrated sulfuric acid resemble those of phys- 
cion (1), CijsHw2Os. From the molecular formula and 
the higher melting point and lower solubility in 
organic solvents, it could be presumed that telo- 


20H 
| 1OCH; 
1CH,OH 


Fallacin? (V) 


HO O OH 
\—COOH 
| 


O 


Endocrocin (II) 
HO O OH 


| 
H,CO— ~OH 


Solorinic acid (IV) 


schistin might be a hydroxy physcion. The in- 
solubility of the compound in aqueous sodium car- 
bonate and the formation of a sparingly soluble 
potassium salt when dissolved in alkali and allowed 
to stand, would indicate the presence of the methoxy! 


2 Unpublished data from the laboratory of Seshadri and co- 
workers. 


= 
7 
— 


772 JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION Vol. XLIV, No. 12 


group in the 8-position as in physcion. The loca- 
tion of the extra hydroxy] in a position para to an- 
other could be ruled out, since teloschistin does 
not exhibit any fluorescence in acetic acid solution 
and gives only deep orange red coloration with conc. 
H,SO,, as in the case of physcion. The possibility 
that the additional hydroxy! could be in the form of 
a carbinol instead of the methyl in physcion is 
evident from a close study of naturally occurring 
anthraquinones in higher plants, e.g., the occurrence 
of chrysophanol and aloe-emodin together in the 
same source. The teloschistin would then be w 
hydroxy physcion, i.e., 1:8-dihydroxy-6-methoxy- 
3-hydroxymethyl anthraquinone. This structure 
has been confirmed by the following reactions (12, 
13): 


H,CO— A Kg 


H 
CH I 


schistin undergoes demethylation and reduction to 
emodin anthranol (IX) which on oxidation with 
chromic acid yields emodin (X), CisHiOs which is 
1:6:8-trihydroxy-3-methyl anthraquinone. Phys- 
cion (I), the 6-methy] ether of emodin, was synthesized 
as early as 1925 (14). 

(3) On oxidation with chromic acid and subse- 
quent deacetylation, teloschistin triacetate (V1I) and 
physcion diacetate (XI) yield the same product, 6-0 
methyl emodic acid (XII). 

(4) By boiling with zinc dust and acetic acid, 
teloschistin could be reduced to its anthranol, m. p. 
249-250°, which is easily oxidized back to telo- 
schistin by means of chromic acid. 

In addition to the above, final confirmation has 
been made by direct comparison with w-hydroxy- 
emodin-6-monomethyl ether (13). Recently phys- 


OH O OH 


(VIII) (IX) (X) 
HI 
(CH; )2SO, | Red P 
| Ac:O 
| HO O OH =» O OH 
|! 
AMA ON 
O 
Ac,O (VI) (1) 
Ac,O 
AcO O OAc 
J 
AN 
| 
H,;,CO— 2—CH,OAc H,;CO— | —CH; 
VA 
(VII) (XI) 
CrO; 
CrO; 
AcO O OAc O OH 
deacetylation \ \ 
| L | | 
(XII) 


(1) Although teloschistin (VI) readily yields a tri- 
acetate (VII) (m. p. 192-193°), it yields only a di- 
methyl ether ( VIII) (m. p. 222-223°) by the action 
of dimethyl sulfate and anhydrous potassium car- 
bonate in acetone medium. This suggests that one 
hydroxyl is in the form of a carbinol. 


2) On treatment with hydriodic acid and red- 


phosphorus in acetic anhydride medium, telo- 


cion has been converted into teloschistin in the 
laboratory of Seshadri and co-workers (13a). 


COMPARISON OF LICHEN AND FUNGAL 
ANTHRAQUINONES 

Since lichen is a symbiont of alga and fungus 

and the fungus has been found to be responsible for 
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the production of the metabolic products in the 
symbiont, it is but natural that there exists a close 
relationship between lichen substances and fungal 
products from the chemical point of view. Of the 
anthraquinone compounds, physcion and endocrocin 
have been isolated from lichens as well as fungi. 
Recently Raistrick (15) has reported the isolation of 
an ethyl] teioschistin from a mold. 

All the known fungal and lichen anthraquinones 
possess two of their hydroxyls in both a- (i. e., 1:8 or 
4:5) positions and the methyl, carbinol, and car- 
boxyl groups if present in the §8-position. Com- 
pounds with two hydroxyls para to one another have 
not been found in lichens, although a number of 
these typical compounds have been found in molds. 
Anthranols have not been isolated from lichens while 
certain molds contain physcion anthranols. The 
close relationship among certain anthraquinone 
derivatives from lichens as well_as\fungi (5) has been 
established (Chart I). 

It is surprising that the two simple compounds 
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chrysophanol and emodin have not been so far 
isolated from any lichen. Chrysophanol has been 
recently isolated from a mold (16). Emodin in the 
form of its monomethy] ether, physcion, may be 
found in lichens and molds. 


BIOGENESIS OF HYDROXY ANTHRA- 
QUINONES (PROBABLE PATHWAY) 


Regarding the biogenetic mechanism of forma- 
tion of lichen substances, no experimental evidence 
is available. This mechanism has been more a 
matter of supposition and hypothetical consideration 
as in the case of most other natural products. It 
is obvious that enzymes would play an active part in 
the formation of lichen substances as they do in all 
living cells, but some spontaneous reactions between 
the active intermediates may also occur inside the 
cell. Of course, gene control is an important factor 
in all of these cases. 


O OH 


| | | 
| | 
H,;CO— | \Z —CH; / | —CH,OH 
fe) O OH O OH 
Physcion Erythroglaucin Tritisporin 
| 
OH O OH 
Teloschistin Helminthosporin Cyanadontin 
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oO 
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HO O OCH; 
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HO O OH 


Nalgiovensin (R==C.H;) 
(Ethy! teloschistin ) 


Chart I.—Structural relationships of certain anthraquinone derivatives from lichens. 
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COOH 
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OH 


Sulochrin (XV) 


Chart II. 


The importance of a Cy unit (orsellinic) is obvious 
from a consideration of the structures of depsides 
and depsidones. This unit may also play a vital 
part in the evolution of other compounds. Accord- 
ing to Robinson (17), orsellinic acid (XIV) might be a 
fundamental component of the biosynthetic path- 
way. Recently Seshadri (18) has postulated the 
formation of a more basic and probable C, unit by 
the “aldol condensation” of a hexose and a biose. 
This unit undergoes various modifications as reduc- 
tion, oxidation, methylation, and esterification to 
give secondary units. The possibility of two tetrose 
units undergoing the same type of “aldol condensa- 
tion’’ (which is now suggested) is also not ruled out, 
since erythritol (a C, alcohol) has been found to be 
a major lichen component in both free and combined 
forms, e. g., as in erythrin and montagnetol. 

A depside may be formed by the condensation of a 
carboxyl group in one C, unit and a hydroxyl in 
another C, unit; a depsidone may be obtained by an 
additional dehydration between two hydroxyls of 


Bigenesis of hydroxyanthraquinones. 


the two components, forming the oxygen bridge. 
As for the anthraquinones, Tatum (19) proposed 
certain hypothetical relations in the biosynthesis of 
complex ring type mold pigments. He utilized 3: 5- 
dihydroxyphthalic acid (DHP) (XIII) (found in Pen- 
icillium brevi-compactum) as an intermediate which 
was considered to condense with another 3-methy]-5- 
hydroxybenzoic acid (hypothetical) to give rise to 
anthraquinone derivatives. The above idea was 
extended by Raistrick (8) who substituted 6-hy- 
droxy-2-methy! benzoic acid for the possible evolu- 
tion of endocrocin. Seshadri (20) has recently put 
forth a more general pathway leading to the forma- 
tion of a number of these natural products from the 
Cs, units. 

A survey of lichen and mold anthraquinones leaves 
no doubt regarding their evolution from two Cs units. 
The validity of the DHP unit as one of them follows 
from the fact that it is a derived C, unit and its status 
should be as important as that of orsellinic acid 
(XIV), both constituting important parts of the an- 
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» —~CH.OH 
| 
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Teloschistin (VI) 


thraquinone structure. The second Cy, unit seems to 
undergo greater modifications. Sulochrin (XV) oc- 
curring in Penicillium brevi-compactum may be re- 
garded as related to the mold anthraquinones and 
probably represents an earlier stage in evolution. 
The first step would be the linking up of the DPH 
unit (XIII) with an orsellinic acid unit (XIV) in the 
position 3’ of the latter, a position which is known 
to be very reactive. Subsequent decarboxylation 
and partial methylation would then yield sulochrin; 
the carboxyl group that persists probably owes its 
presence to an earlier esterification. Endocrocin 
(II) would then represent a simple intermediate 
type, since its construction follows readily from the 
intermediate suggested, involving only nuclear re- 
duction at the 4’-hydroxyl group of the right half 
(see Chart II) to give the next intermediate and sub- 
sequent ring closure. The two related compounds, 
emodin (X) and physcion, (1) follow endocrocin 
(II), the former involving a further stage of decar- 
boxylation and the latter an additional partial 
methylation. Teloschistin (V1) and w-hydroxyemo- 
din (XVIII) having a primary alcoholic group 
(—CH,OH) are evolved from a slightly different in- 
termediate (XVII) as shown. The formation of 
emodic acid (XIX) would involve One more stage of 
easy oxidation (Chart IIT). 

The occurrence together of anthraquinones having 
the alcohol, methyl, and carboxyl groups and of the 
anthraquinones and the corresponding anthranols in 
nature may not be assumed without any purpose. 
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Emodic acid (XIX) 
Chart II1I.—Formation of emodic acid. 
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It is quite possible that they are involved (with the 
help of the enzymes) in certain oxidation-reduction 
processes taking place in the cell and they need not 
be considered as mere waste products formed in the 
cell (21). The antibacterial property of rhein, 
1: 8-dihydroxyanthraquinone-3 carboxylic acid has 
been recently reported (22, 23). 

Lichenology has long been dominated by sys- 
tematic research by botanists and it is but proper 
that the advent of chemical and antibiotic research 
on lichen substances should receive considerable sup- 
port. One could feel hopeful of deriving profitable 
information by further extensive investigations in 
this field as has been the case in other fields of natural 
product chemistry and biochemistry. 
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The Dispensatory of the United States of America. 
25thed. ArtTHUR Oso. and Grorce E. FARRAR, 
Editors. J. B. Lippincott Company, Phila- 
delphia, 1955. xvii + 2139 pp. 17.8 x 26x 10 
em. Price $25. 

The 25th edition of The Dispensatory of the United 
States of America was published the latter part of 
November 1955. The record of this book, extending 
over a period of 122 years, is indeed impressive. 
As in the beginning, it continues to function as an 
authoritative commentary on the whole range of 
drugs and drug products used in medicine, but with 
particular emphasis upon those recognized by the 
official compendia appearing in the English language. 

The 25th edition is divided into four parts, the 
first of which provides supplementary information on 
drugs recognized by the U. S. P. XV and the N. F 
X, the British Pharmacopoeia, and the Interna- 
tional Pharmacopoeia, Volumes I and II. Indi- 
vidual monographs are arranged alphabetically ac- 
cording to the English titles and include other 
official titles; synonyms and abbreviations; defini- 
tions; foreign language titles; trade-mark names; 
source of manufacturing process; official descrip- 
tion; tests; assay methods; constituents; adulter- 
ants; therapeutic uses; toxicology; dosage; stor- 
age directions; and official preparations. 

Part Two lists unofficial drugs and includes a 
reasonably large number of formerly official drugs 
and various chemical substances which are of phar- 
maceutical or toxicological interest. 

Part Three covers drugs used in the practice of 
veterinary medicine and constitutes an enlarged 
section with many new drugs and new dosage in- 
formation added. 

The new edition of The United States Dispensatory 
is characterized by a number of new general survey 
articles on pharmacological classes of drugs be- 
longing in each category. The general article on 
antibiotics has been greatly expanded and informa- 
tion is provided on radioisotopes and other radio- 
active medicinal chemicals. More extensive de- 
tailed information on the uses of drugs than ap- 
peared in the 24th edition of the U. S. D. has been 


added. An important and useful feature of the 
book is the well chosen documentation used through- 
out. By consulting the references to the original 
literature cited it is often possible to proceed from 
this point to the compilation of a more or less com- 
plete vibliography on a given subject. This func- 
tion of The Dispensatory is one which may not be 
emphasized by educators as frequently as it should 
be in their efforts to teach students how to develop 
information on specialized pharmaceutical subjects. 

Part Four of the new United States Dispensatory 
is devoted to an excellent functional index of 80 
pages. The editors and the contributors are to be 
congratulated upon a job well done, which reflects 
to their credit and to that of the publishers. They 
have produced a most useful basic reference on sub- 
jects relating to the pharmaceutical applications of 
drugs and medicines. 


The Extra Pharmacopoeia. Vol. 2, 23rd ed. Pub- 
lished by the direction of the Council of the Phar- 
maceutical Society of Great Britain. The Phar- 
maceutical Press, London, 1955. xxxi + 1501 
pp. 13x 19.2 cm. Price L2. 17s. 6d. (postage 
ls. 6d.) 

The new Volume II of The Extra Pharmacopoeia 
has been completely revised and much information 
has been added. Its immediate predecessor was 
published in 1943 and it is to be expected that the 
new Volume II bears little resemblance to the 
earlier one, except in format and style. 

The Extra Pharmacopoeia encompasses such a 
wide scope that it is impossible to describe it ade- 
quately. The analytical addenda, a section con- 
taining information on the standards and the more 
important analytical methods used in Great Britain 
and abroad for drugs has been completely revised to 
conform to the B. P. 1953 and the B. P. C. 1954. 
Information relating to the ‘United States Phar- 
macopeia”’ and the “National Formulary” in this 
section, however, refers to the fourteenth and the 
9th editions, respectively, of these compendia. 
The chapters on hydrogen ion concentration, oxida- 
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tion-reduction potentials, polarographic analysis, 
indicators, chromatographic, spectrophotometry ab- 
sorption, and fluorimetric analyses, and the micro- 
biological assay of vitamins have all been either 
drastically revised or completely rewritten. A new 
chapter on titrations in nonaqueous media has been 
added and the arrangement of the text has been 
changed considerably from that of the previous 
edition. A useful feature of the book is a chapter on 
proprietary medicines in which the composition of 
many of those distributed within the British Empire 
is given. The entire book has been revised with a 
competence that is apparent throughout. Dr. 
Capper and his associates are to be complimented 
upon having completed such a formidable task with 
so much credit to themselves. While The Extra 
Pharmacopoeia is designed primarily for British 
pharmacists it can be used very advantageously by 
American pharmacists for general reference purposes. 
The book is provided with an excellent index and the 
printing and binding are of good quality. 


Rendiconti Istituto Superiore di Sanita. Vol. 17. 
English ed. Special number of pilot plant tech- 
niques of submerged fermentation. Domenico 
Marotta, Director General. Interscience Pub- 
lishers, Inc., New York, 1955. (Fondazione 
Emanuele Paterno, Rome, 1954) x + 231 pp. 
17x 24cm. Price $8.10. 

This book presents a comprehensive treatment of 
fermentation techniques particularly as they are ap- 
plied to the production of antibiotics. The text 
material is presented as a series of chapters by dif- 
ferent authors. The subject headings are: aeration 
studies, a laboratory fermenter for vortex and sparger 
aeration, fermenters of 90 and 300 L. capacity 
for vortex and sparger aeration, a “‘compensated”’ 
stuffing box and bearing unit for fermenters of semi- 
industrial and industrial capacities, pilot plant for 
fermentation in submerged culture, a simple rotary 
shaker, antifoam agents in aerobic fermentations 
(evaluation) interrelation of protein and poly- 
nucleotide synthesis in Escherichia coli, the effect of 
mechanical agitation on the morphology of Penicil- 
lium chrysogenum Thom in stirred fermenters, 
Romanoa—a new genus of soil fungus with anti- 
bacterial activity, genetics of Penicillium chryso- 
genum—I. Heterokaryosis in P. chrysogenum, 
Segregation and recombination from a heterozygous 
diploid. 

The style of presentation is uniform, clear and in- 
teresting. The text is freely illustrated with pic- 
tures and diagrams. References are given and a 
limited author and subject index is appended. 
This book contains much information of particular 
value to industrial chemists in the field treated, and 
its general value would be much enhanced if a more 
complete index were added. 


Catalysis. Vol. 3. Hydrogenation and Dehydro- 
genation. Edited by Paut H. Emmett. Rein- 
hold Publishing Corporation, New York, 1955. 
vii + 504pp. 16x23.5cm. Price $12. 

The first two volumes of this comprehensive 
treatise on catalysis covered the general approaches 
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and tools used to gain a better understanding of 
both homogeneous and heterogeneous catalysis, and 
were reviewed in THis JOURNAL, 43, 446(1954); 
44, 320(1955). Volume III covers hydrogenation 
and dehydrogenation in chapters prepared by differ- 
ent authors and headed: The Parahydrogen and 
Orthodeuterium Conversions and the Hydrogen- 
Deuterium Exchange; The Catalytic Hydrogena- 
tion of Ethylene; Catalytic Hydrogenation of 
Lefinic Hydrocarbons; The Addition of Hydrogen 
to Carbon-Carbon Triple Bonds; The Catalytic 
Hydrogenation of Nitro Compounds; The Cataly- 
tic Synthesis of Ammonia from Nitrogen and Hy- 
drogen; Research on Ammonia Synthesis since 
1940; Synthesis of Methanol; Hydrogenation of 
Glyceride Oils; and Catalytic Dehydrogenation. 
The material is well arranged and presented along 
with many references to the original literature. 
Author and subject indexes are appended. 

The format and type are well chosen to enable 
those interested in this field to find the book a 
splendid reference source of specialized information. 


Chemical Properties of Organic Compounds. By 
N. MARVELL and ALBERT V. LoGaN. John 
Wiley & Sons, Inc., New York, 1955. x + 326 
pp. 15.5x23.5cm. Price $4.75. 

This is an introductory text book in organic 
chemistry in which development of structural de- 
tails of organic molecules and the concept of func- 
tional groups are stressed. Chemical reactions are 
used to emphasize principles, illustrate broad rela- 
tions, and to attempt to reduce the student’s memory 
burden. Of particular interest is the clear, easy 
style of presentation, the excellent format, sharp for- 
mulas, and illustrations. Questions are given at 
the end of each chapter and an index is appended. 
The book should be considered by teachers of organic 
chemistry. 


Introduction to Chemical Pharmacology. By R. B. 
Bartow. John Wiley & Sons, Inc., New York, 
1955. xiv+348pp. 15x22.3cm. Price $6.25. 
This book presents the subject of structure- 

action relationships of drugs with emphasis on the 
contribution of the pharmacologist as an essential 
adjunct to the chemist in clarifying the relation be- 
tween chemical constitution and physiological action. 
The text material is divided under the headings: ac- 
tions on the central nervous system—drugs which 
produce general central nervous depression, depress 
specific centers, central nervous stimulant drugs; ac- 
tions on peripheral nerve fibers; further classification 
of sites where drugs may act; actions at peripheral 
synapses; and actions on tissues and organs. Chap- 
ters on the body as a machine and nervous controlling 
mechanisms are appended. An index of drug names 
and a general index are included. 

The style of presentation is very good and the 
text material is well illustrated and documented. 
The book should be available to those interested in 
chemotherapeutic agents. 
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Hydrogen Peroxide, A. C. S. Monograph No. 128. 
By Water C. N. SATTerR- 
FIELD, and L. Wentworts. Reinhold 
Publishing Corporation, New York, 1955. xiii + 
759 pp. 16x 23.5cm. Price $16.50. 


Organic Insecticides—Their Chemistry and Mode 
of Action. By Ropert L. Mercarr. Inter- 
science Publishers, Inc., New York, 1955. x + 
392 pp. 16% $8.50. 


The Quantitati 
GARRATT. 
York, 1955. 
$17.50. 
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Proceedings 
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tural Chemists, Washington, 1955. xvi + 1008 pp. 
16x 26cm. Price $12 domestic; $12.50 foreign. 


Fundamentals of Dispensing Pharmacy (Laboratory 
Manual). By Etmer M. Prem. 4th ed. 
University of Washington, Seattle, 1955. 266 pp. 
23 x 28 cm. 


Experimental Pharmacodynamics. By T. Koppanyi 
and A. G. Karczmar. Burgess Publishing Com- 
pany, Minneapolis, 1955. xiii + 256 pp. 22 
x 27.5 cm. Price $5. 


Experimental Pharmacognosy. By VARRO E. TYLER 
and ArtHuUR E. ScHwartTING. Burgess Publish- 
ing Co., Minneapolis, 1955. University of 
Connecticut Book Store, Storrs, Distributors. 
iii + 81 pp. 21 x 27.3 cm. Paper covers, 
looseleaf. Price $2.25. 


Reagent Chemicals and Standards. 3rd ed. By 
Joseru Rosin. D. van Nostrand Company, Inc., 
New York, 1955. x + 561 pp. 16 x 23.5 cm. 
Price $9.50. 
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modern methods and materials, can effectively 
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In a laboratory devoted solely to taste 
research in pharmaceuticals, the ALVA 
flavor chemist considers each problem 
individually, using all the facilities of modern 
flavor technology to tailor an acceptable 
flavor for your product. 
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Time, to the chemist, is more precious than 
plutonium. That’s why the Fisher Catalog 
Supplement has been edited so carefully. In 
fact, this indispensable little reference book 
takes only 112 pages to list all the instruments, 
apparatus, glassware and laboratory furniture 
added to Fisher stocks since the 1952 publi- 
cation of the Fisher Catalog. 

The Catalog itself was quite a feat: so com- 
pressed and clarified that its 986 pages contain 
an even wider selection than the 1500-page 
“giants” on catalog shelves. 

All of the items in the new supplement, 
selected and tested by the Fisher technical 
staff, are factually described; painstaking 


woodcuts as well as action photos assist the 
text. In addition, the supplement presents 
dozens of major instruments newly developed 
and manufactured by Fisher and not available 
elsewhere. (For your convenience, the supple- 
ment is not burdened with reagents; 7000-plus 
Fisher reagents are listed separately in the 
handy Fisher Chemical Index.) 


Used together, the catalog and supplement 
place in your hands the largest, most compre- 
hensive assortment of laboratory tools avail- 
able anywhere. 

If you have not received your copy, write 
for catalog supplement 111, 717 Forbes St., 
Pittsburgh 19, Pennsylvania. 
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